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hEJ,

b

BFERE, Y—MM—-—ANEFIVEI-ZLOHEZERTSHSEYNTT, EFER
k. —EOEFT—HFTHY, ABMTEEEIC, qubitL AR ETAIENERTT,

BfEE>I1L—X—

BFOARII1L—X2—&, HEMNZIE1I—X2ETEEL, BFY—FY NOBREZERZEST
B9 00E1—27O0U7ALTY, —BOEERTE, EF>I1L—230)VY—RE
HiE, >Za1L—bqubitsTd OEEEICIEHRBEHMICEMU ET, Braket &, YR—I R
(Braket Z/t L TT7 UV AAPI) EFEEKS I 1L —K2—&0O—H)L (AmazonBraket SDK ® —B)
BYER>IIL—F—OEANDTIVEAZRHELET,

EFfE1—2X
EFOVEI—-REFE, EREDLEREOINBEDEFHEFRREFEAL (FHTEZETITHIYET

NAATY, EFAVEI—T42T(QC) Lk, '—KhR—ADQC B E, EXREFTBNTHA
LABYET,

BFMEI=v N (QPU)

QPU I, EF A AV TETTEDYEBEFIAOELI—TFT 120 FINAATT, QPUslE.
TF—RMR—=ANDQC K&, TETEBQCNTFAANALICEIKENTEET, FHAICOVT
l&. Amazon Braket THR—KRENTVBTF/NA A1 2SBLTLSEETL,

QPU XA T 1 77—k

QPU XA T 475 —RiE, QPUEBESATAILEL2>TIOAMNO-IILOREBICEEIYE> S
TEFET, RATA7T—NE, Es8ICOANAMIULELSTE QPUTF NS ALTEITTESE
¥, QPU I HR—KNITBF—rOBYTEY Ne FINAADRAT 475 —NI&, Braket 1
V=L DOF /N4 AR— & Amazon Braket SDK A STFETEE T,

Amazon Braket ® A & = 5
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QPU A" R—KT25—h

QPU Y R—KNTB5—KE. QPU TFNAATEZITANSNETS—KRTT, sy —hME

QPU TEERTTEBRVBENFHYVET, 2FY, XA TA1TTF—NIPBITDILEN HDAHE
HABHYNET, FNAADBR—KRENTVBY —NIE, Braket AV —=ILOFNAAR—=D &

Amazon Braket SDK Amazon A SHRTEE T,

BYRAY

Braket Tlk, EF XAV TNAAANDTRIVIVITARNTT, T—MR—=ADQCTF/NA
ADFZE, ChICEEFEE CAEFIEE OBZEETshots) PEFDMHD I ITARXZFT—2AH
EENFET, Amazon Braket SDK £ = I& CreateQuantumTaskAPIAXRL —> 3> #EEFERAL
TEFRAVEERTEE T, EFRAVEERTDE, VIOTARENLETNA AN ERA AR
ICBEBDETFI—ICANSNET, EFXAVIWEF. AmazonBraket AV =)0 "EFZ AV |
R—2, EIzlF GetQuantumTask F /= l& SearchQuantumTasksAPIAARL —2a>ZFAL TE
ACTEFRYD,

Qubit

EFIVEI—XO0EXRNEBEREMGE., FRIVEI—FT12J0EY NERKRIZ qubit (BF
EY R ERENET, qubitld, BEERBPEYOA AV RPEFRE, SETETEYEREIC
EO2TRETED2ILARIODEFIATATT,, fOqubitX 1 7'k, XF. EFAE>, AE
V., FEREVBEBEFIATALAICETVTVET,

Queue depth

Queue depth &, BEDTFNAAICHLTFI—ICANSKEERFRARVENAT VY RTaT
DEEELET. FNAADEFRARAVENAT VY RDITX1—0O%IE, Braket Software
Development Kit (SDK)E =& A 5 7 2 2 AT & £ 9 Amazon Braket Management Console.

1. BAOF1—ORELRF, BEBEOBAEETERITER/ >TVIEFRAVOEGHHERLE
ERD

2. BEERAVF1—ORETELEE, ZBUTETZFHL VI EBEENEEFRAV DA
%18 LU &£ 9 Amazon Braket Hybrid Jobs, NS DR ATk, NA 7 VY R IATHFBBEE L
&, AZVRTAOVERILNEBEENET,

BNATVY RZaTxa1—0ORE LR, FNAATREFI—ICA2TWBNAITUY RT3
T0#RBEIBLET. N\A17UY RZaT7TO—FHE L TQuantum tasksiEfEE iz FEBEE
N, ([C&E#E N FE I Priority Task Queues

Amazon Braket ® A & = 6
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Queue position

Queue position &, TRENOTFNA AFI—HNOEFRAIVELFENATVY RZaTo
RENONEBEZELET, EFRAVEEE/NATUY RZ3T0HEE. Braket Software
Development Kit (SDK) & 7z (& Z £/ L TH{E T& £ 9 Amazon Braket Management Console,

Shots

BFfOVEI-—TAVJRAENICEENTHS 120, EREERZEZICE. ERZEHDT
MIDHBENFHVET, E—OEBORITERERF, >3y FEFENRTT, @EEOS 3 Y MK
@YVBRLET) . BROLFLVEBELCLESVTRREWZET,

AWS Amazon Braket DFHEEE N
IAM RS —

IAMRU> —E, AWS DH—ERABRT VDY —AANOT IV ELAFAZHFTERLFIERITS R
FIXKRTT, IAMARUS—FEATRIE, VDIY—ANOI—HY—DOFTIEALXRILEHAR
NAXTEET, HlIZE. AOITNXTO Amazon S3NT Y RMADT VA% I1I—HF—IZFTL
EYAWS TAHIVN, BEODNTY NOKITIVEAEHFALEYTEET,

s RANTZ0T4AEF1VTARACRSB/NBIET VAT T 259555, <ORA
RS CET, I—HY—FLERO-IINEFRRAVOETICHELZRERBADT IV EAFT%E
BOCLEZBSENTEET, HlAE., REBNfNBEONTYNOKICTIEATEIHEN
H3HEF. AOIXNTONTY NMOTIEAZREBIZHFAITDOTIEEL, IAM K
O—TNTYREEELEFTANS THIV K,

IAM O—JL

IAMO—=J)LE, TOCAHFTLL-—KHICT IV EATREOICEIERTRENTERTATY
TATATY, A—Y—, F7UT—>3>, FLEY—EAN IAMO—)LZ5ZZFDHIIC,
O—LICEIWERXDEODOT VAT Z2NETILEN YN ET. IIMO—-/LZ5EXF5
E. BEOO-LTHE>TVWEMBOINTOTIEAFAZAEL., HILLO-ILOTIEA
AFAIZBIERTERT,

e RANTZU9T14:IAMO—)LIE., RENICTEEL, Y—ERAFEEVY—-ZAANDT IR
E—BHNICHETIHENf HIDRAICKETT,
Amazon S3 /N7 Y b

Amazon Simple Storage Service (Amazon S3) l&, F—RZF 7T UVRNELTNT Y N ILREF
AWS DH—ERA T&E3 TF, Amazon S3 /N7 v Nk, EHEROARNL —JAR—AZRMHEL

AWS Amazon Braket DAZEEE> N 7
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£9. Amazon S3NTY NHDATZ IV RNDERAY A AXIE5TB TF, A X—2, BE, TF
ANTT7AN. NVOTFYTT74N, DITHARNDAFATIT7AIN, T—HA47T&EhiR
FIXUD, Braket EF R AVRERBE, BFEORATDT 74 )INF—52% Amazon S3 /N T Y
NCP7YZ7O—RTEEXT,
« RANTZIOTARSINTY NAOT IV LAZHHITDODOT VAFAZRET
BET, FHHICOVWTRK, "Ny R —I1—HY—FR)I—, BSRBLTLKESE
Wo Amazon S3 RFIAXRNNDZESRL TS EE L,

Amazon Braket @O ¥ &

® Tip
TEFIAVEI—TFT 4T OEBRZEZEVEIT AWS, Amazon Braket Digital Learning Plan (Z

BRL, ~EOFFI-AETFORILFMAZZETLES, HBAOTIRINY D 2B BLR
9o

Amazon Braket ZEA T2 &, BRIOIDIY RXURNELIC, UFXRTEFIEI—FT4

DOV —ALCTIVEATEERT,. BZXHVVEELS ORI, ERAZORELTTT, BEOFMICD
\I\-Ctj:s ﬂﬁN—§E:%<75a‘b\o o

FEUTILEZALOIANER

Braket SDK (Cld, EFT7—VA0—RIZEEVTFILEZALOIANERZEMT D AT aNFdH
WES, E927IN /=7 Y UIZ1&, Braket DEFUEI Y N (QPUs) AV FI RT X1
L—Z—O&ARIANRBEYZREEHIZTIANEFI-—RFEEFNATVET, HERXOIANREEEY
& USD TERREN, LY MPES|IFEENEBA,

@ Note

KREn3E £, AmazonBraket > X 1L —ZF—EEFREBIZY N (QPU) BRI DOfE
FARRICEDKRBEY TT, RRTNDHEERESE, ZBROBESEREBZIBENHYE
T, HERSEEISIX VLY hE—H1ZEE T, Amazon Elastic Compute Cloud (Amazon
EC2) BEDMD OH—EADHERICESTVWTEMBEN RETEIEEANHYET,

SV1 @R MNEHR



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 MEEHAR

JANEBHEEDFERFEERTEDHIC, RILAT—NEEEEBEL, SV1I>Za1L—X—T
EITLET, £7'. BraketSDK EZ 1 —)LlZEZA >V R—KL, RILATF—REERL T, B
Tracker( )BAEZEMLE T,

#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)

J=RNTVOEERFTIRDE, RILAT—RII2L—23VICRLTROENNBETEET, b
ZYN—BRICE, EEEThEay b R, RTLEEFRRY, RTHB, SFREhI-RTHE.
RAJARA USD TRRENET, RITRBR>IIAL—aVILILEBRRIEEIHYET.

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

tracker.simulator_tasks_cost()
$0.00375

OAAMRZYD—ZEALTHEARIANERET D

AARNKRZYH—2FEALT, 7OV LOZARIARNEZRETEET. BRENTOTZLICERT
SHEICEF. EALEVENHBREENHYVET, CcOKXSICLT, JAMNTYH—ZFEALT, £
TOA—RIECDANEHEOD Y VZBETEXRT. AOPHITE. RigettiQPU TRILU EERZEAL, O
ARZ1USD ICHIRLTWE Y, O—RANDOEEOREZ 1 BIRTISIANE 0.37USD T,
B JARA 1USD 2BABETREZBRVEITRSICODY VERELE LI, LEA T,
O—RAZRY NFROREHN 1USD ZBABDETIBARTENET, BE. 7OJZLRGBHFET
PREADAANIEIZDETRELETET. COFE. 3EORETT,

BEVTILEALOIARNEH 9
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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}}
1.11 USD

@ Note

OAARNRZYA—E, REMULETNMEFRAVOM#ftGREZEHFLEEA, TN1 X2l —
AaVHRICUN—FILNFETL, BBATYTHARMLEHE. UN—FIIB2EIANS
ZYHN—ICRRENEEA,

JAANHERDRANTZ 0T 14 A

Amazon Braket ZFH T 2BRICKADODRANTSO0T 1 RA2ZEBL TSV, BEZHHIL., OR
NEe&/NRICHZ, — OB IS—ZEELET,

2XAL—ZF—THRIETS
« QPU TEITITHHIIC, >IT1L—2—2FALTARERILET., ChiCkV)., QPU OEAR
ENRETHEBLKOREWRAETEET,

« X1L—F—TERBZRTLEERE. QPU TEREZXRTLEZREBUTEEVAELEN &
WETH, 21— 2—2FALTI—FA1 VI I PEBROBEEZRHETEEXT,

BEDOTNAANDI—HY—-—T I A%ZHRTS

c BEROBVWI—HY—HIBEODTNAATEFRAVEEFTERVLS ICHIRERETERT, 7
VEAZFRTBDICE. AWSIAM ZFERATRCEZHBOLET, ChETSHELCODVWTOF
ME, 7TOEADFRESRL T EE L,

« Amazon Braket /N4 AND 11— —TF O RAZHFUFTEE#HIRIDHEELT, EBETHYD
vhEFRALBEVCEZE#HOLET,

JARNERORARNT ST 4 A


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

s BRT7T—LERELT, BRABRETCNLERBREIGELLLZICEBHNEZ TR EETESE
¥, To— A’E"“*ﬂ'é?ﬁ;éﬁ,ﬂi ZBELU TTY AWS Budgets, NARXALAFEZFZEL., OAX
NELRFERAEN TEEZBADUREMENHDIEZRICT SN EeZTRB N TEXT, BRI
TAF TEETAWS Budgets,

>3V NADPBVTNIBEFRAVZTANTS

« Z31L—F—NOJANE QHPs& W ERELK B XRTA, BFRAV%Z>3Y MIDODSZVIRETR
1792, BENDYIAL—RX—OIOARE<BZZDHAERMEN HV) T, shot FAT ZDETNT
TTANTREZ2HB8OLET. Shot hI MF, SVIBLTO—-HIIL>ZaL—X—2AY
DIAANCREEBLEREA,

FRTOU—T 3V TRFRRIERBTD
CAVY—LEE. BED OBFRRAVOENRFENET AWS U—T 3>, BESTNLERT
REBTARVERRTZEEE, BTIRTOU—IIVERBLTILZ L,

s YR—BRENDBTFNAARFIXIMR=TT, FNAABLVCBEETZ -3 0—EEZRT
TEEXT,

JANHEIRORARNTZ 9T 4R 11


https://aws.amazon.com/aws-cost-management/aws-budgets
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Amazon Braket 0 {+#H &

® Tip

ICRPEFAVELI—FTATOEBICOVWTEHAL EFT AWS, Amazon Braket Digital

Learning Plan IC&E& L, —EOZFEI—AETFIRIIFMERETLES, BMBOTDZI
NY>zEEBLET,

Amazon Braket l&, AV FN Y REES I 1L —F—RETXRTETLZEZA7OQPUs &K E, EFTY
E1—F142IFNAANOFFIV RT VA ZREHLET, Amazon Braket Tlk, 7/N1 A
ANDTREVIVIIANFEFRAITT, F—MR—ADQCTNAADFE, COUIVIAKN
ICEETER AEFIEES I Y MREED) BRTFTOMBOVITIARXEZTF—INEENET,

FFHOJNINLRZTU2Z1L—8—05E. BFRAVICBREFLZAZOYELATIRE,
BEZ71—I)LROBEABLTAR—AKENEEINET,

CNDtEUS 3Tk, AmazonBraket TEFR AV EERITITDSLARILO7O0—-ICOVTEZLE
9,



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
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Amazon Braket EF X A0 70—

AWS Cloud
A 18— =

t — [T
User A Brak
ma t
zon Brake Managed
notebook .
o Simulator
Amazon Braket
<> e Qpul
O

S3 results l
bucket @

Jupyter /—R7 v U %ERTSE, Amazon Braket 1YV — )L F /=& Amazon Braket Amazon
Braket SDK ZAL T, EF XAV ZHEICER, EF. TRV IJITEXRY, EFEERG SDK
TEHEEBETEEY, LEL, 7HFOINIIILNZT2Z1L—2—TlR., BRLATINE
FE71—ILREERLET, EFFAVNIERENLES, RITTBT/VA AZERL T Amazon
Braket APl (2) ICEETCEET, BRULEFNAARILKUT, FINA AN EATREICKEY, EEOL
HIZRZAIN QPU LRI I1L—Z— ) ICEFENDET, EFRAVRBEF1I—-ICAhShE
9. Amazon Braket Tld, EFETEHL XA 7D QPUs (lonQ. QuEra, . Rigetti ) Oxford Quantum
Circuits (OQC), 3 2OFAFIYRIZ1L—&X—(SV1, DM1, TN1), 2 20O0—AH)IL> X2
L—3R—, 1 DOBOIAKI I AL —BZ—ICTIVEATEET, FMICDOWTE. "Amazon Braket
FHR—BREhDTFNA AL ZZRBLTILEEL,

EFRAVZNIET S E, AmazonBraket [F#ER%Z Amazon S3/NT Y NZIBL, FZTTF—X I
AWS THIU K @) ICRFEENETET, ARIC, SDKERZNYIVIZD RTR=UVIL, E
FRAYT D5 T RIZ Jupyter Notebook [cO— R UE T, Braket IV —IILDEFRXRRAIR— T,
% /= l& Amazon AmazonBraket ® GetQuantumTaskZARL —> 3> &#FRAL T, BFXZATERT
BRUOEBEEBITDCEETEXRTAPL

Amazon Braket E F X AU 70— 13


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
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Amazon Braket (&, EventBridge 1—%'—7 7 2 AE®E CloudWatch, EZ&Z U > Y, OJ&
#&. AWS CloudTrail 41 X2 RAR—ANOME AWS Identity and Access Management (5) D 7= (Z.
(IAM), Amazon ., & Amazon EFEEENTVET,

H—RN—F 1 —OF—XNIE

QPU F/NA ACREE NEBFRAIE. H— RN—F 4 —7ONA A —HEETBHRC 55 B
FOAE1—XTHEBENET, AmazonBraket DEF1UF 1 EH—R)N—F 1 —IBOFFMIC
D2W\WTIlE, AmazonBraket \— RO T 77O0NAEZ—0DtEF1 )54, 2SBLTLEZTL,

Braket D AT VRSNV ETSTA>

® Tip
CXPEFIVEI—TFT AT OEBICDOWVWTEHEL EFT AWS, Amazon Braket Digital
Learning Plan IC& 8L, —EOEBFI—AETFORIIFMERET LES, MEOTFI R
Ny =ZBBLET,

dAF7VRD KNV

ATFIC, Braket ICERAE D F—Nv5—2280 A7 VRS NUODVANZRLULETD,

« Braket Python SDK - Braket Python SDK Z A L T, Python Z7OJ 5 X2 J E§E TJupyter./ —
N7V OICO—RERELET, Jupyter /— KT v O%EY NFYTLES, Braket F/N1 A&
JX1L—Z—TIO—RZETTEET,

« Braket AF—< - Braket SDK & Braket % —E AB DO,

« Braket 77 #) =32 —X— -Braket HOIXTOO—-ADWLEFZIIL—F— (AT— KX
TRNILERETH) .

7204

RIZ, EREEBTFNAARRTOT IV E LB ILHAETNDEREEBT T4 UKD
WERT. ChIllE, Braket "W R—KI327ZT7142 &, BTFERIKSICH—RN—FT 1 =AY
R—KNITDTZTAHNBENRET,

Amazon Braket THR—hEhd :
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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://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-schemas-python
https://github.com/aws/amazon-braket-default-simulator-python
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« Amazon Braket )L AXLT A7 Z1) - Python TRRRE N EBEEADNDEFFZIIAIVXLDN
ROV, ThESZTNOEFRTITRN, HBRRELTEALTRYEMETIIVXLZEBELE
E

« Braket-PennyLane plugin - Braket ® QML 7L — A7 —%JPennyLane& UL THERALE Y,

H—R/N—FT 14— (Braket F—AICLKDEZRVITEHFR)

+ Qiskit-Braket 7'[0/\ 14 & — - Qiskit SDK Z A L T Braket JY—AICT7 VAL &E T,
« Braket-Julia SDK - (328&#Y) Braket SDK @ Julia X4 714 7 /N\—> 3>

Amazon Braket A" R— R T3 F/N1 A

® Tip
ICKPEFIAVELI—FTA4TOEBICOVWTEHBAL ET AWS, Amazon Braket Digital

Learning Plan (C &L, —EOSBI—AEFIRLHAEETLES, HEOFI R
Ny SEBEBLET,

Amazon Braket Tlk, FNA AREFRARAVZRITI R LHICHVEHIENTESD QPU £
2X1L—2—%&%KLET, Amazon Braket [&. lonQ. . IQM, . QuUEra& kT #5 QPU /N1
ANDT Ut ARigetti, 3 Oxford Quantum Circuits 2D F > FNY > R Z1L—&%—, 3>00—7%H
LoZAL—3—, L1 D20BHIAKIIIL—EF—ZRHLET, IXTOF/NLAICDOV
T, FNAANRAOD, FYVTL—2320F—R, XAT1475—NE2Y NsEODTNAATO
INT 4 1&. Amazon Braket 1V =)L DO F /N1 AR T £/l GetDevice APl ZfEA L THRRTEE
T, 3I1L—2—%ZFRALTERZEET SHES. Amazon Braket TIRERE, EfRLEFEY
NELERAVTFYIORZFERATIHXENHY) ET. Amazon Braket SDK ZFERA L TWBBEEF. X
OOA—RBICRILSIE, FNAARATANT AT I ERATEET,

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

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

# device = LocalSimulator()
#lLocal State Vector Simulator

HR—RENDFNAR


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
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

YR—NEATVWREF/N—ROI77ONM X —

* lonQ
+ 1M
Oxford Quantum Circuits (OQC)

* QuEra Computing

* Rigetti

HR—RENDFNAR 16
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BR—NEhTWB>Ia1L—&—

s O—HIVIREXRD NILS = 1 L —&Z— (braket_sv) (‘Default Simulator')
s BFFZETH =21 —2— (braket_dm)

« O—HILAHS > ZaL—&%—

« AT—KMRIBNILTZIL—8—(SV1)

- BETZ1L—%— (DM1)

« TUVYILRYRND—=U2I1L—&—(TN1)

PennyLane® Lightning Simulators

BYRAVICRERYIIL—2—%22RIS

« XAL -3 —%HkRID

@ Note

AWS V=232 EFNAATEATRER 2RRITDICEF,. ROXRZAICAVO-ILE
EE

Amazon Braket /N1 A

Z7anNga FNAARA NS A 24T 7 /N1 A ARN )—>3
5 — I >
lonQ Aria 1 J—K QPU arn:aws:braket:us- us-east-1
N—A east-1::device/qpu/
iong/Aria-1
lonQ Aria 2 T—bK QPU arn:aws:braket:us- us-east-1
N—A east-1::device/qpu/
iong/Aria-2
lonQ Forte 1 T—hk QPU (F arn:aws:braket:us- us-east-1
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WEd,

lonQ /N1 Ak, ROEFT—REHYR—-—KLET,
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ZRTLET, BOAEZEEL., BAMICIVRIINTDEMSH—NE2RTTSICF. 3FEEHD
NZX—2Z2EBMLTENOAEZEELE T, FHMICDOVWTIE., braket.circuits.gate T2 1—JL
ZZRLTLSEETY,

NSORATATF—NIBEEBENBINAILNTOXMEATEETT, BENBID/NCILOFMIC
DVWTR., "FEFENSEIDNAI), Z2ZRLTSEZ W,

QM

QM BF 7Oty Y, BEERNSVAEVEFEY NCESKIIN-HLBELTTS—RETL
TINAATY, IQM Garnet /N Ak, EFFEOBRFRNROZEHAL-20BFEY RTF/NAAT
Jo
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BEOEIV AL TE, IQVF/NA RABRDZA T4 TP — N EYR—NLET.
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https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.circuits.gate.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-constructing-circuit.html?tag=local002-20#verbatim-compilation
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JOS—%ZFAL, 2 2040 BFEY RO Y YA SHEKILITESNET,
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BRENAEI/NAIL TR, Rigetti FINA ARRDZRAT 17— RNEHR—KNLET,
'rx', 'rz', 'cz', 'cphaseshift', 'xy'

Rigetti BZEE2F 7Oty S, "xu ¥— % "m/2) ElE "1 OBAEOKATRITTEET,
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Oxford Quantum Circuits (OQC)

OQC EF¥7OtvHik, AT—F7)L% Coaxmon TV /O —%FERAL TEBEELEIZ/N—Y
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ThRBHEEERATSHE50QC, 7OJVSLANDRETREFERIONA VOV EBZAD LT
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ETEYRNLDPAZOLATONE, BE7 1 — )L ROFEANS LU ZENKEFEZBRTD L
T, chsOFNAARZTFOATNIINN 2 Z AL =23 0ONFEAALICTATSALATESR
9. Amazon Braket &, Python SDK, ® AHS T2 1—)LZN UL TEORSBETATTLZEET
21LOO1—T14)T14ZRMHLUEIbraket.ahs,

FHMIC DOV T, "Analog Hamiltonian Simulation example notebookss & =& "Submit an analog
program using QuEra's Aquilag R—ZZBL T EE V),

O—AIREXRT NI Z21 L —2— (braket_sv)

O—AIRERT NILPZ 1L —5F— (braket_sv) ik, RERNTO—HILTERTE 13 Amazon
Braket SDK O —Z T, Braket /— N7 Y VAV ARV AR EEO—AILREO/N— R T 744
CHUT. MEAEE (8K 25 qubits) TOSEY RZORRAE Y ICHELTVET,

O—A)IL>Z 1L —4%—IF Amazon Braket SDK DI XTHOS— K &EHR—KNLETH, QPU F/\
A AR PNEBYTEY N EZYR—MNLET, FNAADHR—RENTVRTS—KE, FNA1A
O7O)NFT 1 THERETEET,

QuEra 22


https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
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(@ Note
O—A)lL>ZalL—2—F. QPUFNA AR ETOMD Z 1L —F—TRRYKR—rEThTV
BVHEEMN BB EEM OpenQASM #EEZHR—MLTVET, HR—MEh TV #EE
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DAL —F—%FFERATEIHEICOVTIE., TAmazon Braket @l Z2ZHBL T EE L,

RRZETHI =1L —2— (braket_dm)

A—AIIEETHZ 1L —2Z— (braket_dm) (&, RERNTO—HI TEITE D Amazon Braket
SDK D —FTF, Braket /=N T Y VA VARV AFERO—AIILREO/N— RO I THEICIEL
T. JAAXDHBIEBER (BA 12 Hqubits) THOSEY RZORRAES T ICELTVET,

EYRTUY TPRIBREZEDT — N /A XNEEEZFERALT, BB/ A X0ZVEEEEO
WEBETEET, T, /JAXAODEEIIHI I DST, BEOEEOEFIED qubitsB KT —KNIZ/
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braket_dmO—AIL>ZaL—3F—l, BEETIhERO F"H35E8. AOEREZRHTEERT
shots,

« IKZE1T%: Shots =0
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O—AL>Z1L—2—FEE% OpenQASM #gEZ HR—KLTVETAH, QPU F/N1 A
REOMDZAIL—ZF—TRYR—FENTVWEVGFENHYYET, HR—KhEchTW?
BEEDFEMHIC DWW TIE., OpenQASM Local Simulator Notebook ICE2&BE TV HIESEBL
TLEEL,

RFZEETH> 1L —2—0FMICOVWTIRE, "Braket A/ A A1 —2—0fFl, 228K
LTLEEW,
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Advanced_OpenQASM_Programs_with_the_Local_Simulator.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/getting_started/1_Running_quantum_circuits_on_simulators/1_Running_quantum_circuits_on_simulators.ipynb
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
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A—A)L AHS X 1L —%&— (braket_ahs)

O—7AJL AHS (Analog Hamiltonian Simulation) = 1 L —4& — (braket_ahs) l&. 8FHKDRET
O—7AJ)LTREITE NS Amazon Braket SDK D—ETF, AHS 7OV S LDERZ>I1L—KT
BPLEHICERATEERT, Braket /—NT Y VA VARV AFLRO—DLREO/N—RITIT7 4K
CISUT, AE=ILLPAR (&KX 10~12[FF) TOZ7ARMN XA THEKICEL TVET,

O—ALSZ1L—2—E, 12017 F#—LEBE71—I)LR, 120 GEI1_T7F—L)>T K
71—=)LR, BLCEEZENEREFEEZEDAHS 7O T LEZHR—RNLTVWET, FHMICOVT
l&. Braket AHS 75 A& Braket AHS JVOJ S AAF—NESBLTLLEEL,

O—AILAHS X1 L —X—OFMICOWTIE., "Hello AHS: Run your first analog Hamiltonian
Simulationy R—=< & "Analog Hamiltonian Simulation example notebooksy ZZ 8B L TS &L\,

AT—KMRIBMNLZZIL—2—(SV1)

SV, FUFIX 2 RTEMELAIZN—HILAT—MRINILIZIL—F—TF, &K 34 OE
BE>I1L—MTEETqubits, 34-qubit,. SEE. SRCELFFOER (BRE =34) . £A
FTET—RDRATREFOMOERICISU T, ETETICH1~2BELM DD CENFREINETT,
all-to-all ' — hFZ QOEEEF, ICHELTWETSVI, B2HRERT NLPIREOEIZEDERT
ERERLET,

SVIDRARZUEALGE6RKETT. 7L NI B ECRKFEFRAY T, &K 100 (us-west-1
HB LY eu-west-2 Tl 50) ENRKFEFRZAIANBY XTI,

SV1#ER
SV1 &k, BEENLEHO FH356. ROFERERMTE X Ishots,

« %27 )L: Shots >0
- Hif¥{E: Shots >= 0
- 28 Shots >=0

- #3: Shots > 0

« tH: Shots =0

« EEYJTF—>32:Shots=0

RROFHICOVTR, "TBREA47 1 Z283RLTEEL,
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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
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SVIREICHAARET, U FN RTEHEZRTL, BHROLBZLEITLTRITTERT. Z»
BALGE, ARL—=23 ORI UTERNICAT—IILEh, OBICESU TERBEBBENICAT—
ILEhETqubits, DEshotsE T XA LAICHOIABHEEERAET, FHICODVTRF, T3
L—&2—%t&E3T2, 25RBLTSEEL,

X1l —&—k Braket SDK DI XTDS—KREHR—KNLETH, QPU FNA RlE/h&EiBmHT
Y REHR—BNLET, FNAAOHR—RENATVBRY—KNE., FNAAOT7ONT 1 THEET
£FE9,

RETHZa1L—2— (DM1)
DM1 &, A2 FN Y RTEMELABETHI>ZIL—2X—T9, K17 OEKZ>I1L—KNT
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DM1 DERZ >V RA LR 6 KE, F7FINE 3B EOEAKEFRAY, BAS0 HOEKEFRA
77T,

DM1 &R

DM1 &, BEEThEERDO F"H35E. KOEREIRMETE FIshots,

« %27 )L: Shots >0

- HA%{#: Shots >=0

%8 Shots >=0

- #=: Shots >0

« {EZE1T%: Shots =0, &K 8 qubits

RBROFMICOVWTR, "RREA7 1 Z2ZRLTEE L,

DM1 EEICFIATEET, A FY RTREZRITL, BHOERZWITLUTERTTEXRT,
AL, ARL—23VO0BICHUTERNICAT=I)LEn, ORICKHU TERBERWICAT—
JLENETqubitse D¥shotslEZ XA AICDODINBHFEZERAETT, FHICOVTE, ">=2
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JARXT— K EFIR

AmplitudeDamping
Probability has to be within [0,1]

BETHIZ1L—52— (DM1) 25


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
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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BitFlip

Probability has to be within [0,0.5]
Depolarizing

Probability has to be within [0,0.75]
GeneralizedAmplitudeDamping

Probability has to be within [0,1]
PauliChannel

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

At most 2 qubits

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

Probability has to be within [0,1]
PhaseFlip

Probability has to be within [0,0.5]
TwoQubitDephasing

Probability has to be within [0,0.75]
TwoQubitDepolarizing

Probability has to be within [0,0.9375]
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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://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://pennylane.readthedocs.io/en/stable/introduction/interfaces.html#simulation-based-differentiation
https://docs.pennylane.ai/projects/lightning/en/stable/lightning_qubit/device.html
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YRIZAL—ZR—GFAWS VT TVRTEITEN, RO BO-NDIRREEATAT—ILITELS
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DM1 /A ADHIEFERESIIL—MLET, ZATLOLEETIZREL., @AEOT—
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«c IZ70Iv2R, TF—RNEOERZRLEXT,

COBENHRELT, TNMMREBWABRETEMSZESOENOS 2L —bEhEYVI1->3
CERDOITBIENTERT,

TN1ICE 220 7 I —XHAMNETT
BE, FEFFHEZIIIL—NITDLEHO2EBEOT77O—FTINIBELET,

s UN=HYIITI-XK:COT7I—ATR, GBIZT7EMEHICINSN—ATEHFEIN1ZZZHL
F£9, chlllF, BEBRBEEMEBTERLSICINTD/—REFEATICENEETFNET, &
MEDT7I—AE—#EICTNIEIT TR, BEICEIODTI—AFRRENELA, F1 71—
AZZETL, EANBHNICEDVWTE 2 7I—XZHMTRITIDHNESHEZRELET, >
T1L—23a 0BBRE. TORENODAOGEHYEEA,

s W7 I—X:CO7I—XF, dHEHEIVEI—-RICBTZHEORT7I—XICBUTVE
T, 7I—XlF, —BEDTIHEETEBREINET, chSOEEDEFIE. FTEOELEICKER
EEEBEAET, LIEN2T, V57286 TREVENEGFENAZRDGSHIC. UN—HFI
TI—ANBACTLIAEST, VUN—YILTI—XFICRE/NANFEOH 215, FEEOY —
RETNIEEH T ZAL—2a>0HERZERLET,

TN1 S TRIYTICEHUTVWET

R, EREBDZITNII S 7 Z2HTOERELBTEER T, stEHENLZTUY RFH2EEHT
&, WRZFEALTENETOIL—NEBEICEODIBDCENTEXRT, FTEAOERPERSE Y
EELTLVAH N TR, hRNEZRTENHETOIL—FERODT2DHNHELVEENFHYVET,

TN1AUN=BIILTI-XZRTLEBA215HER,. BONICHRZRZOTREELS, BHOBEY %
BELTENMZRDODTRLIBEDTY, RZRZDICIZ<OKEEHEZEYPIT LR, F<K
MEWSRTALICHOLNDTLLS, AEKIC, UN—HIILTI-ARBEEBRRERULET,
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TN1 ., RIN—ATRERBEZIEROBECHED "Bl FMH2EESrELINEEA,
DEAFIUN—HILTI-XFICEEVET,

ChS5DRATNI1L—2—ICHEEL-HAENCESE

SV1 k., EICHENHKD qubitsE 7' — N E2FDCLIKETZRBEND IS AICELTVWET, —#K&
MIC, DEZEBES—MNOBIZISUTESRNICEBMULETY,. OBICEKEL TH Ashots, SV1
(& —ARE9IC 28 KEBDEETN1DFE K £ EET T qubits.

SV1 &k, EEICAREENMMBVAESETH > TE, EBRICEINTOIERZ ZIL—NTBE
. qULtBEN SV R EEBLK LD AHEMEN BV ET, EORRNIEETS LI ZHMTEIHZEEH
WEBA., LEN DT, 30-qubitili Tlk, &k 2230 REZFTE THSVILEN H V) FF, Amazon
Braket SV12 X 1 L —&qubits—® 34 OFIRIE. XTFVEANL—DOFIRICKZDEANBEFHIKNT
T RDESICERADENTEEXT, qubitz ICEMTHETICSVI, BB 2FBEHLIBYF
E

Z<DUVSAOBETE., TINIRIST70BEZFATESVILED, KUERFDIHICKEBERE
HEMNZEETIMMINITERT, EFXNIC, YDU1—23a>0EbzROHNSERL, MENEH
FSN—HIICEETIRENHEZRZELET, BIOEVAZTI L, TIHEEDIEFZERTD D
DRENMMRESN, FMETOEANF K TILICEY) ET,

DF/BLETNT, qubitsB R F'—KNODBRFEETITN, VS 70BERFESSICEETT, fIAE.
TN, — R AEHERH (DFEY., TNETNQUOtH T — MK > THREIEVBEETS ICOAKEHRE O
%) OER (FJZ 7qubits) &, BHE (FLETS—NIFEEROEBEZFOEE (JF7) 2fHiT 5 DIC
FEICEBATVET., O—MRNZEEATNIE, & A5 qubitsBEN 122D & D HqubitiB{Equbits T B
CETT, BEOAT Z, LYEHMSBERICOSBTEDFZES., A, KYPhEV, FLEXYIE
—BITHTRICENTEDHEE., FTMMAZHEICTNIEITLET,

D FIPRETE TN1

TN1 IS T7TDRBENEHRESVIICE 2T, KYEELKBDBEENFHVET, BENI ST T
. BUN—BIIAT—20EICOZIIL—23a>>TNIEERTL, XO2 DOEBEHOVWTIAT
FAILEDDAT—ZRA%ZXRRLET,

c NANROIDNELBA —TZT7HNEBMIEDE, EEBRNSN—HYINAZRDODTH2ONELT
E I AL— N EZHESHET, FIHEZERITINITEEREA, UTOLSBIT—
XYV tE—INFRRENDENHYET, No viable contraction path found.

- PEBEIBLTED — —BOISTITR. BRSN—HLNREROHBTNICEATEETS
AL OEECEEICRE<, FECBEAAAVET, COBE. RBEEECEMTHD LD, O
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ARNGEELEEAh, KDWICUN—BILTI—AOBIZINIETLET, UTOKDIBIT—XY
tT—IHNRRENDENHVYET, Predicted runtime based on best contraction
path found exceeds TNl limit.

® Note

N RITENT, FAILEDAT—RANRRENDTINIBEETE, OUN—HYILAT—D
CRLTREESIET,

FRAZ 24 LAGEshoth V2 NMIEKBFELET. REO>F U AT, TNIRAERBE Fshoth D> ~
ICEBRBICKTFLET, BREE, &UDEV TRETEREESN HY) E£Ishots, HlAIEF. 100 ED
TEFRAVZIEFE Ushots, FENFATNIEHELETA. 1080 OATHEETD L. M
FEITENET, CORSBERRTE, 100 BOH>TINZ2ES-HIC. RUEKEshotsiCxL T 10
BOEFRAVZ 10EEEL. BRZREICHAEDEDZ ENTEERT,

RARNTSHOF4RELT, OBEEPTHIZ, BERELEEREYS A% HKME shots (10 B &) TF
ARUTTINT, BENF CHLTEDRE/N\—RAEFEND & EHEH L £ T shots,

(® Note
PME7I—AZHERTD2—EOEE(E, PEBE NN THASHEYET, HlXE, 2-qubit
T—BMCE 4x4 THHIVETT, HBLITEDLHUMENDWEDICHEEHBTIEEKRT
To COXDIBFHEICEK, TTETICHANMDNDTL LS, TN, AmazonBraket I&3E
BILEMENREzZRAFTEA

EREELT

INXTDBraket > 1L —2—%2FEATHE, BRORKEZRRKICEITTEEFT, RRBETH
DHPRIF, >ZTa2L—F2—)—23 V&K 2TEAYET, ARETHROFIROEEMIZOVT
., "O0x—2, R—THESBLTLIEZT,

Amazon Braket D) —>3 > T RIRKA B

Amazon Braket l&, X TEATEEXRT AWS U—23 2,
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Amazon Braket O —> 3> ORI A%

)—23a>g )—23a> Braket T RRA > QPU
N

KERIE (JN—ZF  us-east-1 braket.us-east-1.a ionQ

1t 3F) mazonaws.com

KERIE ()N—ZF  us-east-1 braket.us-east-1.a QuEra

1t EF) mazonaws.com

KEFES (A7 us-west-1 braket.us-west-1.a Rigetti

FILZT) mazonaws.com

BRMIEEE 1 (ARY 2 eu-north-1 braket.eu-north-1. "

RILL) amazonaws.com

BMEE 2@ R eu-west-2 braket.eu-west-2.a oQC

) mazonaws.com

Amazon Braket FRIARAIGER ) —2 A A SEITTEXRITHN,. FEQPURE—DOD)—23 2 TOHA
FEHATEET, QPU FNS ATRITENBIEFRAVE., TOFNAAD J—3 > O Amazon
Braket 1Y — )L TRIRTE X T, Amazon Braket SDK ZFRHL TVW3EAF. EELTWBD ) —
DaAaVICEBREL, BEFRZRVEEED QPU FINA AICIEETEE T, SDK [, IEEES /= QPU
D=3 A0ty>a>zEEBEBNICERLET,

AFV—=232 TV RKRAVNE AWS EETDFEO—RHUZBRICOVTIE, AWS T 2fign V)
J7LYAI O TAWS ODH—EA IV RRAU by ZZRLTLKEZL,

BEFRAVEVOERITENETH?

® Tip
ICXPEFOAVEI—FT14 T OEBICOVWTHHEAL EFT AWS, Amazon Braket Digital
Learning Plan IC&E&L, —EOZFEI—AETFORIIFMERTTLES, MBOTDZRI
NYTZBBLET,

BFRAVBVWORTEARTL ? 32
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EjEZA{E TS &, Amazon Braket FIEEL EFNAM AICEFELET, EFLEIZY M (QPU) &
FUFIVRIZAL—F—OEFRAVE., F1—-IAhsh, BELEIEFTLREEIhETT, E
FRAVZEELUELEROARERICHEREEIE. 10 Amazon Braket DEBZFHENEFLER AT DO
CEME, BRUOBERLEQPUDOTTAMICK>TELRYET,

EX—)IEXEESMS TORAT—FALEEA

Amazon Braket &, QPU O BHEAZILL EventBridge =& &, EEREF XAV ORENZTILL
FEEID, Amazon ICAR NEEEBELET, FTNAABRVEFRRAIVDAT—RAEEBH%Z E
X=)ELEFESMS XY E—JTEREITDICE., ROFIREICHWVWET,

1. Amazon SNS REY VEH TRV T2 a2 R EX—)LEE SMS ICERLET, X—ILEE
Ik SMS ORTAME., V=232 ICk2>TEREYET, FMICOWTE., Amazon SNSO BT
1 BRY TSMS XY E—J0EEL ZZRLTLKEZW,

.SNS REY IANDBEH%Z ') HJ— EventBridge §%/)L—I)L%& I[CERLE T, FHMlICOVT
(&, "Amazon |Z& % Amazon Braket D E_X') 2% EventBridges ZZB L T<EE ),

N

BFfRAVRTTZ—h

Amazon Simple Notification Service (SNS) Z7 L TBAIZFREL T, Amazon Braket EF X AU
FTLEEZBILTS—MEZTMBENTEET, PUOTA7RBBARIE, KELZAVEKXETS
BEX. TNAADAAMT AV RIVATRAVZEFIZEERE, RUVEFHEEN FERETIZIE
BICERTT, ZFRINET TR0 ZEFEL<BZEVEREF. SNSEHIZREL TS EEL,

Amazon Braket /—RN7 Y O Tk, EY N7 YT FIEZIEZE> THALET, FHMICOVTIEE.
TBH%ZERETD=HND Amazon Braket DY)/ —KT v 0, #SBLTLSEEL,

QPU NATAMY 1> RTJERAT—RA
QPU OATAME T/ A RIC &> TREWET,

Amazon Braket A2V —=ILOFNA AR—D T, RBESRVCSEOTRAME DAV RIDEFNAAD
AT—BARERTEET, 512, EBFNAAR—DIZR, BFRZRVENAT VY RS3TO
B2DOF1—0ORENRRENET,

ARAED 12 RUICEREL, BFBRIFATEZWEE, FNAARBRTTIZFAVERBENET,
PIZE, RAT221—-NENIEXDTFUA, TYTIL—R, FLEREARALOBEICKY), 7754
ICBBDARENBYET,
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https://docs.aws.amazon.com/sns/latest/dg/sns-getting-started.html
https://docs.aws.amazon.com/sns/latest/dg/sns-getting-started.html
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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 BIREHA K
F1—OAEM

BFRAVERERNAT VY RDITEZREEFITBHIC,. FTNAAF1—OREZHAITSH2ET, B
DHOEFRAVEERGNAT VY RZITOREHETEET,

F1—ORE

Queue depth &, BEDTFNA ALK L TFI—ICANSNEEFRRAVENAT VY RT3 T
NEEBLET. TNAADEFRRAVENAT VY RZaT*1—0O8IE. Braket Software
Development Kit (SDK)&E 1z & A5 7 U 2 AT & & 9 Amazon Braket Management Console,

1. RAVF1—ORE LR, REBEOEEETETEZEFE >TVRIETFRAINAFEERLE
¥,

2. BEERAVF1—ORETLEE, ZBUTETZFHLTVIEBEENELEFRIAVORKZIE
L & 9 Amazon Braket Hybrid Jobs, chS5 DX AV, AX RTFOVRAVDHIICETENE
¥,

B.NATVY RYITHF1—OREER, FNAATREFI—ICA>TVWAINSAT YUY RZ3T
DB EBLET, N\A17VYy R2aTn—EL L TQuantum tasksitfEe iz FEEEHh, (I
E£#E NE 9 Priority Task Queue,

ZENLTFI-—OREEZRTLEVSERE, ROO—RAIRY NZEEL T, EFRAVEER
NAT VY RZ3aT 0+ 1—{EZESBraket SDKTE X T,

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

BFRAVEERINAT VY RDITZQPUILEETSDE, 7—2 00— RH QUEUEDIRREIC A& 2 7]
BEMEA HVY)ET, Amazon Braket I, BEFRZAVENAT )Y R ITHF1—DUEZABRILLE
9,

F1—ONE
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Queue position l&, TNFAOFNAAFI—HAOEFRAVELENATVY RZITOBRED
MNEZELET, BEFRRVEERGI/NAT VY RDa7TniFE4EF. Braket Software Development Kit
(SDK)FE zl& Z{EA L THYS T & & 9 Amazon Braket Management Console.

ENLTHFI—DNEZRTRLEVBERE. ROO—RAZIRYRNEZZELT, EFZAVELR
NATV)Y RaTnF1—0uE%H{EBraket SDKTE X7,

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

#execute 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
121

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
"arn:aws:braket:us-east-1::device/qpu/iong/Harmony",
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
wait_until_complete=False

# retrieve the queue position information
print(job.queue_position().queue_position)
'3' # returns the number of hybrid jobs queued ahead of you
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Amazon Braket DERZHB T 3

® Tip
ICXRPEFIAVEI—FT AT OEBICOVWTEHRAL T AWS, Amazon Braket Digital

Learning Plan IC& 8L, —EOEBI—AETFPRIIFMERET LES, MEOTFI X)L
NYDEBEBLET,

Amazon Braket ZBMICT 2, OIBRICHES =5, AmazonBraket DEFAZBHIIRTEET,

B ITH2FIBEEIOESY) T,
« Amazon Braket ZB%IC T3

« Amazon Braket /— N7 YO A AR A%ERT S

« Amazon Braket Python SDK ZfFA L TR Y —F Y N ZEITLET,
s BUOEFTIIVAXLERXRTTS

Amazon Braket ZBXIC T3

® Tip
ICKPEFIAVELI—FT4TOEBICOVWTEHBAL ET AWS, Amazon Braket Digital

Learning Plan (C &L, —EOSBI—AELFIRLHAEETLES, HEOFI R
Ny SEBEBLET,

7> NT Amazon Braket ZB®MICTBICE, AWS OV —)L #FERALET,

Bl FR SR

Amazon Braket ZEBMICL TETTSIZIE. Amazon Braket 722 3> 2HB T 2R
EEODI—Y—FHEEO-ILAFURETT, AmazonBraket ChS O T 7 AHFAIE IAM

AmazonBraketFullAccess 7R ') & — (arn:aws:iam::aws:policy/AmazonBraketFullAccess) & FE N T
W&E7,
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® Note

EEENSS:

ftd 1 —4—I(Z Amazon Braket NOF UV AZFFA 9% IZ1d. AmazonBraketFullAccess7R
) —=2TR2YFITBN, ERLEAARLRIVD —2T72YFLT, 1—H—ICFT%Z
5L &9, Amazon Braket DERAICK BT VAT OFMICOVTIE. "Amazon
Braket \OT7 VA% EEB TS, SR LTSEE,

Amazon Braket ZE%HIC T3 F)E

1. ZfEA L T Amazon Braket AV —)LICH A A 2 LETAWS THI Mo
2. Amazon Braket AV =)L ZHRAE £ 7,

3.Braket U F AV IR=TDHS, BBRAEEEIVY VL TH—ERARY 2 1R—RR—=DILEH
LET, ¥—EAXY Y 1R—ROLBLEHZTI— k. KO3 D2ORFTY T ZIE%E > TH
BHLET,

a H—ERICU U hizO0—)l (SLR) DERK
b. Y— RN—F A —OEFIAEI—ZANOT IV LADEIL
c. ¥ L \\ Jupyter Notebook 4 > AR > ADERK

HB—RN—FT 1 —OEFTFNAAZFERATZICE. BOEE AWSETNSOT/NA ABOT—REx
EICEITIBENRGICAZETIMENHYET, AT/ ARENDLKIEIK, Amazon Braket ]
V=IO TTORAHFAERE, R—2O T, 2T ICEBEThTVWET,

(@ Note
Braket A—AN>Z1L—X—®AVFNVRIIIL—F—BE, Y —RN—FT 11—/
BLBVEFTFNAARE., ™H—RN—=—F 1 —FNAADEML) OZHWICEZEL I ICEH
TEET,
H—RN—TFT1—ON—RIDIFTICTILATSEEEF. ChSsOFXHFICAELTH—R
N=—TFT 1 —DFNAAZFEATEDELSICTDETT, PTHIORZEIL1BEFETTE
X7,
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Amazon Braket /— N7 Y OA AR A%ZERT S

® Tip
ICEPEFIAVEI—TFTA T OERICOWVWTEHBEL E9 AWS, Amazon Braket Digital
Learning Plan ICE&L, —EOZFEI—RAEFORIIFMMERETLES, MBOTDZI
NY>ZzBEBLET,

Amazon Braket I&, 7ILNZ— RO Jupyter /—RT7 Y O =RMHL, EEERODIENTEE
¥, Amazon Braket /— K7 Y U A AR Al&, Amazon SageMaker /— T YDAV ARV A
ICEJSVTVET, ROFIETE., FRBRCHEEOSEEATICHLWVW/ —RNTYIA4 ARV A
ZERTRDEHICXERFIEOMEZHHALET,

Amazon Braket D REE

1. Amazon Braket 1>V — )L Z@ZE, EAORAOEA Y 1IR—RR=JICBEBLET,

2. 8V AR—RR=JOFRIZHS "Amazon Braket NKS T, T—FINT "HREHZEI £
Dy oLT, /—RNTYOZ%ZEELET, AmazonBraket —hiZ&kl), F7 #)L D Jupyter
Notebook A fEFENET,

3. /=T YV IVDERIZEBA N D BDBENHVET, /— NIV IR/ —RNTVIR=DII—E
RREh, AT—RARREBHRTY, /—RNTVIA VARV AEFERAITDEBNI TEDE, A
T—RARF ICEDVY) EFInServicee /—NT Y IVDEHAT—RAERRTDICE, R—T%FE
MIBMBENHIDEEN HYVET,

BX1Z® Amazon Braket ® & &4

1. Amazon Braket AV =)L ZH&E, £EAORAT/—NT v O %&RL, /—NTVYIOAL2 R
BOADEREBRLET, /—NTYONFEOOKEERE., BEEY NTYTERBRLTT 74
)L B @ Jupyter Notebook Z4ER L, HMFENA T OREFRLT/ —RNTYIALV ARV A
BEANL, FEOEDITILE—REBRLET, R, /J—NTYIDRTIFTF14TIZR—
A —EBEMELFEMILET,

a. BMCLEBE, /—RNTYIOKFVEY RENDETICHELRTA RILBEZEZERLET,
J—KR7v o)y RNTRE, AEI—FA4T0HSEEELELSBEYETH, AMNL—
DHERBRITENET,

b. /=KNTYIALVAZRVADOEY) DT A RIIEEERTTDICE, AN RN—ICBH
L. Braket 2 7 #i#IiR L, XIZ Inactivity Manager 2 7 #1ZRL £ 9,
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(@ Note
EEN KDNBEVKRSICTBICE. SageMaker /— KT Y DA AR A%k git VRS
N ERETDEZRFLTLSEEZV, BIOFZEEL T, E¥%E 72 )LA L /Braket
Examples7 # LA DHN_BEI T S /Braket Algorithms&, /—RNT Y OAL 2 RARY
ADBEBICE > TTI7AINELEEEENELLBYET,

2. (A7232)FMBRETE., TOEAFHA, BIERE,. XY NT—IOFT IV EAREZEL /—h

TYORERTEERT,

a. /J—RNTYVIRET, AVARVAZATRBIRLET, F7A4ILKNTR, EETERANHR
DEVAV AR AZA T mlt3medium AMBRENTVET, 1A AORESOFMICD
WTIk. "Amazon @ SageMaker £l& 1 Z2SRBL T EE WV, NT U Y Y Github VR K1)
B/ —KNTVOAARAICBEERTZEER., Gt URSNUROYTHIEZOIY D
L. URSRNUROAYIFHXIIAXAZI—=HISURLASNTVY T git URZNUOIVO—2%
BIRULET, GtURZKRJURLTFARN—IZURSKNID URL ZAHALET,

b. POLAHFT T, A#72a>oIAMO—=)., I—KNT7ItA, BRVBES{LF—ERELE
CB

c. Y NJ—72 T, Jupyter NotebookA > ARV ADNAZLZRY ND—DET IV LAREZRK
ELET,

3. RELEWIAL., RIVERELT/—NTYVIA VARV AZRBEIL, ORBEIVYILET,

® Note
Amazon Braket /— N7 Y 94> AXZ > Alk. Amazon Braket & & TF Amazon Braket
SageMaker IV Y =)L TRRBRVCBEERTEE T, BIMOD Amazon Braket /— K7 v V5%
Elk, SageMaker AV —)L A SHATEET,

Amazon Braket SDK 1 AWS Amazon Braket 1>V =)L THEZEL TWVWBHBE., 7574 VIR ER
Lie/—R7v0IC7)O0—RENET, WEONI VT EERTIZEHEEEF. IV REETTS
& &, pip install amazon-braket-sdkFx7&lE 7594 > pip install amazon-braket-
pennylane-pluginT#EA TSIV REETITHEEIC SDK & PennyLane 7’Z 71> A4 A
R—=ILTEET,

Amazon Braket / — R T Y O AL VAR AEERT S 39


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

Amazon Braket MERENAR

Amazon Braket Python SDK ZfEA L THRHD Y —F v K ZR1TL
9,

® Tip
ICXRPEFIAVEI—FT AT OEBICOVWTEHRAL T AWS, Amazon Braket Digital
Learning Plan IC& 8L, —EOEBI—AETFORIIFMERET LES, MEOTFI X)L
NYD=BELET,

J=NTYIDALVRBRANBELIES, FERLE/—KNT Y U %&IBIRL T, ZBED Jupyter 1 >
R—TIAATA VAR AZHEET,

Notebooks (1) ‘ Cc ‘ ‘ Actions ¥ ‘ Create notebook instance
‘ Q, Search 1 matches
Name : amazon-braket ‘ 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 [

Amazon Braket /— N7 Y O A4 2 AR AIZIE. Braket SDK Amazon & Z DT X T DKIFEEZEN T
AV AR=)ILENTWVWET, conda_braket I—FRIILEZFEALTHFLVW / —NT VYO RERTS
CENSHHET,
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[Z Launcher +

|E| Notebook

i A® oy p

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

Console

conda_braket

B other
v e B

Terminal Text File Markdown File Python File Show Contextual
Help

SUTNLNBETCALER, R EVS fINSHODIZENTEERT, &I, N)VRBZEFT
PO EBEL, TOEREELDIT/NAATERITLTHREZREBLET,

£9'. AmazonBraket SDK EZ 1 —)LZ 4 R—KL ., BfBRILAT—NEBZEELEF T,

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)

ROIANY RTEBZERELTERT,

print(bell)

[Run your circuit on the local simulator] (A—A)L 21 —X—TRKZXRTT D)

Amazon Braket Python SDK ZfEA L THAOH—F Y NZ2RITLE T, 41
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RIZ, BEZERTIBDEFT/NA AZEIRLET, Amazon Braket SDK IClk, SEY RZ7OKMZ A
EOETANAOO—ALZAL—R—NFFHELTVWET, MEESERICEO—-HIL> I
L—3—%ZFRTHCEZHHOLET, ChiFHEKR25 TT qubits (A—HIL/N—RITITIC&K?
TEBYET ),

O—AIN>ZAL—R—2A2AZVANLTBHEIRDESYTT,

# instantiate the local simulator
local_sim = LocalSimulator()

ZLT, ERZEERITLET,

# run the circuit

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

print(counts)

RDESBERNRRENKT,

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

ERELIZREONIVRER 00> & 11> DEFESERELETHY ., HIFLES Y ICAEFERELT00
EMDORFZFELV (shot/ A XET) ZWADLYET,

FVFIVRYZTIL—R—CEARERTTS

Amazon Braket l&, &KV KELZEREZRTIDLOOFFIROGHESZIL—ZF— D7
DEAERBLET, SVIESVI, REXM BEOEFEEND 1L —3A 2 ZAEICTDIF T

NROAT—MRI NI Z 2L —R—TTqubitse FHFMICOWTIEE, SV1 THR—KkEhTW3
TFNAAL D232 EAWS AV =IILZSRLTLKEEV, EFXAATV%Z SVI (BXRUOTNIEE
O QPU T)R1TTDE, EFRAVOBERBZITHIMNDO S3INTY NMIREENET, NTY K

ZEELBZEVIES, Braket SDK IZEK 2> TF7 2L MONT Y MAYERE hE Tamazon-braket -

{region}-{accountID}, FMHIC DWW TIE., "AmazonBraket \OTF7 IV ANERE , 25BL T

<EEL,

® Note

EBROREONTY NBEEZADLET, XOBITE., NTY h8BEL T example-bucket
FRRENET, Amazon Braket DN Y MRk, EIZ THEY, TORIZEML 40

Amazon Braket Python SDK ZfERA L THRD T —F v RZRTLET, 42
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#H Al Famazon-braket-A#E X T, S3/NT Y NOBREFZICETZEHBN KRELIES
l&. Amazon S3 DB EEI ZSRBL TS EE L,

# get the account ID

aws_account_id = boto3.client("sts").get_caller_identity()["Account"]
# 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)

TEEZERTIBICESVL, .run()J—/LTRESIZRE U TUAICERL 2 S3NT Y M DSFTZ
BEETILENHYET,

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

# run the circuit

task = device.run(bell, s3_folder, shots=100)
# display the results
print(task.result().measurement_counts)

Amazon Braket A2V —JLICIEk, EFRAVICET 3 FHBEHBIRTEhETT, AV —-ILDOETF
BRAVRTICBETDE, EFRAINVANODLERICHZDETTT, ThE, " EOEFRXARY
DELETOMHOEREEZFERA L TEFRAVEZRRETIZDELEETEET,

(® Note

90 H#. AmazonBraket FEFRXAVICEHETIINTNHEFRXAY IDs EFDMHDXZR
F—R2EBHABHNICHIBRLET, FHACHOVTR., FT—2FEHEESBLTLSEEL,

QPU TRE1TI S

Amazon Braket Tlk, 1 fTOI—REZZEITH T T, YEEFIOEI—X TR OEFEEOH
ZR{TTEEXT, Amazon Braket I&, lonQ. . Oxford Quantum Circuits., QuEra# kT A5 QPU
TFINAANDT IV AZRMH L FIRIigettic TRTEBTFNAAETAMEDV 12 RIICETHIER
&, Y R—KRENhTVWBRFNAAEI>arveE, AWSAVY—=ILDOFNAAZTILHYET, XD
Bk, RigettiT/N1 RAZ2A VAR AILTDHFEZRLTVET,

Amazon Braket Python SDK ZfERA L THRD T —F v RZRTLET, 43
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# choose the Rigetti hardware to run your circuit
device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3")

CO—RDIonQTF/N1 AZEIRLET,

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

TFINAAZEBERL, D—V0—RZXRITITDEIC, ROOD—RTFNA AF1—0REZITIL
T BFRAVEERNATVY RDITOBEHMTEE T, 512, BERE OF/N1AR—
STTFNAABEEDOF 1 —DIRE & KRR TEF I 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

RAVZRERITITHE, Amazon Braket SDK FEREZR—V I LET (TF7FILRNDRALT I

E5H ). ROBICRTKSIC, .run() IN> RT poll_timeout_seconds/N\TX—R%EZEE
TBET, COTFT7ANNEEETEERT, R—UVIRALTIRMNETESD E, QPU HEH
TEY, O—HANERALTIRNIT—NHFRENDHE, R—UJEBRNICERNRBRE W VATRE

MABHDEITFEFRELTLKEEW, task.result() EHZEHVUPEHL T, R—UVJTZBHRATESR

¥,

# 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)

TSIC, BFRAVERERNAT VY RO aTH#REEL L%, queue_position()E#ERTHL
TF1—DUEEERTEEXT,

print(task.queue_position().queue_position)
# Return the number of quantum tasks queued ahead of you
l2|

Amazon Braket Python SDK ZfERA L THRD T —F v RZRTLET, 44
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SYOEFTIINIAVALEZRITTS

® Tip
TEFIVEI—FT1 T OEBEFVUET AWS, Amazon Braket Digital Learning Plan (Z
BHL., " EOFFA-ARETFIRIIFMAZZETLES, MBAOTIRIINY D ZEBLE
ED

Amazon Braket ZIL AV AXLT A7 Z )&, Python TRHRRE N EEBEZFLIOEFTIIVXLD
HERATTY, chSOTIIIVALZEFOERERTIA LS, HBRKELTEALTRY B
BFINAVALEZBETDEETEET, Braket AV —IHASTILIAVAXLSATSIICTY
TATEET, Github ® Braket PILIAVALTAT VT IV ZATHZEELETEEXT: https:/
github.com/aws-samples/amazon-braket-algorithm-library,

Amazon Braket X Amazon Braket > Algorithm library
Dashboard Algorithm library
Devices
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
Notebooks managed JupyterLab Notebook to run the algorithm locally, on a managed simulator, or a quantum computer.
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

Braket 1>V —JLICI&

Algorithms (11)

Open notebook ¥

Q, Filter algorithms

Berstein Vazirani algorithm ) Github 2

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

Grover's algorithm €) GitHub [2

Grover's algorithm is arguably one of the canonical quantum algerithms 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 unerdered 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
........................................... Antabnrasith ana millian antdias

Deutsch-Jozsa algorithm ) GitHub [

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

LEFEN Textbook

Quantum Approximate Optimization Algorithm € GitHub [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 QADA is also an emerging approach for
benchmarking quantum devices and is a prime candidate for demonstrating a practical
quantum speed-up on near-term NISQ device.

LAV RLZATZVTHEAAESETILIVALOHAN RRELE

Fo GitHub U U ZBRUTETIIVALDFHMERTTDH., /— T Y U ERESEERL

T, FATEBZIRNTOTILIIVALEZEEC / —NT Y VZBR<AIEBLET, /—NTYIFT
2avEERTDE, /—RNTYIODIL—KTA)INAIC Braket PILIAVALZA TSN RREN
£
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Amazon Braket Z{EH 9 3

COEVIDTR, BEFARBERITL. ChSORBEEZEFRXAVELTT/INA RAIDEE
L. Amazon Braket SDK TEF R AV ZFE_ZXRIITTBHEICODVWTEHBELET,

Amazon Braket M) Y —RAZRIETDELBFEGE., XROEHY) T,
« Amazon Braket 1>V —)LICIE, VY —AEEFRAVDER. BB, TEZXIJICKIDT

NAABBREAT—RANFAEETATVET,

« Amazon Braket Python SDK & AV Y —IHASEF XAV ZEEFEL TRERITLET, SDK I
ik, BHEREE Nz Amazon Braket /— RN T Y IOD ST UOEATEET,

« Amazon Braket AP| l&, AmazonBraket Python SDK 8 KT/ —KNT Y IOA ST IOEATEE T,
EFOCE1I—TA4VT027O0TALATRETDT7VTI—23 0 2BETBHAPIEER., ([CEE
HOHLZETSCENTEEXRT,

cDto>a>nplTlE, AmazonBraket Python SDK & Amazon AWS Python SDK for Braket
(Boto3) APIZ B ERAT AL EZRLET,

Amazon Braket Python SDK @ 5¥#f

Amazon Braket Python SDK ZfEA ¥ % ICl&, ¥F AWS Python SDK for Braket (Boto3) Z 1 > A
R—=ILLT, EBETESDELSICLET AWS APl, Amazon Braket Python SDK &, EFHAX
N—IZ& 2T Boto3 DEFBTZYN—EEZERDENTEERT,

- Boto3 IZld. ZRATRLEDHICBEBRSA 2 EZ—T I/ ANEETNTVET AWS API, (Boto3 I,
EBET D ABEE Python SDK THB Z EICEFEL TLKEES LV AWS AP, FEAED I Boto3
AVB—TIAAAWS OH—ER ZHR—NLTVET ),

- Amazon Braket Python SDK IZl&, EE, 7'— K, FINA A, BREAT, BRUPEFRIAIDT
NOBALADOY I RNIITEDI-IUNEENTVET, T7OJFLZERTZDETIC, TOE
FRAVICHEBRED1—-)ILEAVKR—NLET,

« Amazon Braket Python SDK l& /— RN T7 Y OA ST IO EATEES, /—RT VI, BEFERA
VORTICHEBBEINTOED 21— )LEHKEFBREN 7T7VO—REATVWET,

« /KT v OEBELRELSBZEVEARE. AmazonBraket Python SDK A SEE ® Python AU )7
NCED1—-ILEAVR—NTEEXT,
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Boto3 &4 > A ~—)L 9 % &, AmazonBraket Python SDK Z#EFA L TEF XAV EERTHFIED
BEFXOISICBEYET,

-_—

(A7232) /—RNTYOZREET,
EERICHESZE SDKEZ1—-)LEAVKR—MLET,
QPU FLR>IaL—F—ZEELET,
EiEEA AR ALLET,

 ERERTLET.

RERENRELET,

® o A w N

COtEITIATVOBTRE. BATYTIEODVWTHLBBALET,

ZTOMOHIZDOWVWTIE, DAmazon Braket Examplesy VR M) ZSBL T & W GitHub,

COEITIVOREA:

* Hello AHS: &¥IOF7FOTNIINR TS Z231L -3 %RTID
- SDKTHERZEETS

*s QPUs £ Z AL —BZ—\DEFRAVDIEE

« OpenQASM 3.0 TEIEZEITT S

* QuEra® Aquila ZFRALTF7 3O 7075 ALA%FEETS

« Boto3 ZEA TS

Hello AHS: IO 7 FOJ NIRRT 2L —23 20 %RT
93

AHS

FPFAJNZIIILK_TF=Za1L—>32 (AHS) &k, EFEREFELZZDEFIVEI—FT12T0D
NZEALTT, BSF—RMNE—EILHEFEY NIOKMEATZ—ENT—NTREAEL, AHS 7’0
JZLGEAEONINNZT Y OBEKREFES R ZEZEAKREFE/NTA—RIZLI>TERENET, VA
TLADNZIRZTE, TEOIRILF—LRILEABIOEEZT > 1—RL, ThsHEi&aed
EOTETDRENKEOENNEEELE T, NEFEY N ATADEE, NIILNZTUEEME
BED 2V XN —EFHTRICENTEET,

Hello AHS: &#IOF7FOJNINRNZT2Z21L—>320%2RTTD 47
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https://github.com/aws/amazon-braket-examples
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https://en.wikipedia.org/wiki/Hamiltonian_(quantum_mechanics)
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AHS ZRITTEBETTNA AR, NTX—2 B2, Je—L > NEESOREXTF1—
ZON) ERABELT, DAZLNIILRZTUICBHZEFATLAOEBEENICFZICELLE
T AHSNSZ A AlE, ZLOMEERATIN—TAIILOEFROBNSICBNEEEZ I
L—KRTBDDIZELTVWET, O Aquila F/N1 ABE, ERAO QPUs QuUEraZfEAT 3 &, /EXKD
N—=ROIFTTRAAELET A XA ZEODATLAOKEENLZ ZIL—NTEET,

AR 0>a2 A FI—2

ZHOMEBEERTEIN—TFTAILDIATLOERBICOVTE, 8 DDAEYOUVTZERTH
FL&S (FNTNY TPV TL MHEBRT T8I 1 #REBIIBDAREABYET ). NRE

TRBVEIHN, COEFILZATLARITICARICREITDHUSRITITILOV DA O EHRRL
RARZRLTVET, CcOBITE, ERITDIAEARIFEIICELS, WHhip2REMRLEIEFZ %
BI2HEZERLET,

A2VBZ023VAEYFI—2 48
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BE

AEZEIC1 2O T MAZFERAL, "Ly ABEVREE "TT, AEVRER. ThEAT K
LNDAR Rydberg REE T TV RIRETIVI—RENET, £7, 2DEEZERLET, £
HOAE U TE, XOOA—RTT7OTSLTEET,

BE 49
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A2 . Braket SDK ZA VAR =T B RBEN HVET, (Braket ¥ RARNTD / —hTv o4
VAZVAEFEALTVWREHEE, COSDKIZR/ —RTYINFTVALVAR=ILENTVET ),
Z7O0v hZBRTBICE. TN R ZFEAL T matplotib ZEBICA 2 AR—ILTEHEEL
') EIpip 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), @.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)
register.add(np.array([-0.5, - @.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)

T, 2FALTTAYRNTBREETEXT,

fig, ax = plt.subplots(l, 1, figsize=(7,7))
Xs, ys = [register.coordinate_list(dim) for dim in (@, 1)]
ax.plot(xs, ys, 'r.', ms=15)
for idx, (x, y) in enumerate(zip(xs, ys)):
ax.text(x, y, f" {idx}", fontsize=12)
plt.show() # this will show the plot below in an ipython or jupyter session
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le—-6

_.
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-
-
=
=

le—-6

A2Z9>3>

BELRHLE 7 T—AZEETBICE. BEETZ2AECEOMBEEERZFERIDMVENf BYVET, <
DizHIZ vanderWaals 1 270232 FALET, Chik, PUBERERFT/NA A ( DAquilaF
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NAARBE) ICEI2TRAT AT ICEEKENETQuEra, AEVRREF/ATDE, COA2ERTY
AVONIINRZITVRAZEZ., INTOAEYART (k) DEFELTRRATEET,

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

CCT, njst#t | BAEZ j A Tupy REBICHZBELCOHK 1 OEZRY., THhHUADEEE O
DEEMDEEFTT. MEF V=Ce/(dx)° T, CeREEHRM, d ALY & kDEOI1—
Y REBTY, COAME2T02aHEONRMRE,. AEVjEAE KO@AEN TTF7Y

71 LTVRREN, (VOREWT) IRLF—FEBNLTVBDZETT o AHS 7OT S LDEY D
B EEEICREITITRET, COMEERICKY, BMETRAEVAEAEE TPy 7L REICKE
DNEBSZENTEET, Chid, —RHPIC "Rydberg 7OV V1 EHENDZIHMRTT,

B/ 1 —J)LR

AHS Z7OJZ LNREBE, IXTOREY (F7FIRNTR) & "THO2 ) RETHEY, LVbipd
WO I—RICHYET, BENMHILET I —X2EHBEIZDEVSEEEZSHEICBEVT, AEV %

CORENS TTY T RENBEETZZSEREBICAL—AICBITIZHEAKEIE—L > NEH
714—=)IRZEBELFET, MIETBD/NIIKRZTUE, ROKSICERRTEEXRT,

Hdrive(t) = 22[=1 ;‘Q(t) [e@(t)s—,k + e_j¢(t)s+,k] - 22‘;1 A(t)nk

ZCT, "M "W, o, Ty . IRNTOREVICH—ICHETIHREH T 1 — )L RO
Bk EN S O—/VLIRIE (Rabi BEEK ), 7I—X, BLEFFI1—2UTF. TTT. Sy =
LT £ S 1SS o) ol 1| BAEY kK OBEEEFEBEE T TH Y. n =Sl 1#ET] B
BERUEEFTT, ET71—ILRO BHE, IXNTOARE>O "o, REE TPy 71 R
ERERKIC—EBLTHESEL., —A. "7y7 REODIRILF—HMZEHBLET,

BATVI—ANSHBETI—ANDAL—AZBITZTOISLTRICE,. AOOD—RTRET7 1 —
IREEELET,

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
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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)

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

ROAVITRNEFERALT, BE7 A —I)LROBRIZHRHEHLTERT,

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');

EBE7 14— R
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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

le6

Omeqga [rad/s]

1e8

Delta [rad/s]
(=]
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0.000 A1
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-0.025 1

-0.050

00 05 10 15 20 25 30 35 40
time [s] le-6

AHS 7’049 5 A

i, BE7 1 —I) R (BLUEBENZ vander Waals 1 X Z 9> 3>) &, Analog Hamiltonian
Simulation 7’07 2 L Z8M L £ ¥ ahs_program,

from braket.ahs.analog_hamiltonian_simulation import AnalogHamiltonianSimulation

ahs_program = AnalogHamiltonianSimulation(
register=register,
hamiltonian=drive

AHS 7’095 A 54
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COflENEVN (AEHN 15 BXRE) =&, AHS Bt QPU TRITT S HIIC, Braket SDK LB T
PO0-HILAHS 2 Z1L—R—TERITTEET, O—HI>Z 1L —2X—I& Braket SDK TERT
MNATEZ LS, - RFELKETENDESICTRIONRANTSIF1ATT,

TR, a3y b ZEFWME (DX, 100 H) ICRETDENTEXRT, O—HI>Ia1L—
Z—REFRECRBENLZERL., RERRELSHUTIILZRMETS S, >3V MEZEEPLE
S, BRZVEALEZEDINICIEFERPILLHTT,

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

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

).result() # takes about 5 seconds

SIAL—X-DOEBRODH

BAECORE ("D, 0FBEE Tdy . "7y 7L OBER Tus . FERZOHA NOBER
Tey ) ZHATZROBBZEAL T3y MERZEFTL., BEREN VI Y MEAFTREL ZE
BahoRNTEERT,

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

A—A)LZa1L—8—T0OXET 55
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counts_simulator = get_counts(result_simulator) # takes about 5 seconds

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)

print(counts_simulator)

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

L TREcounts, 3V M2 TRREREN SRS EEHREZNINIEDTA023FUTT,

R, ROOI—RTHREATDZEETERT,

from collections import Counter

def

def

def

has_neighboring_up_states(state):

if 'uu' in state:
return True

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

return False

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

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

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

XI1L—2—0OBEROSH
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non_blockaded.sort(key=lambda _: _[1], reverse=True)

for configurations, name in zip((non_blockaded,
blockaded),
('no neighboring "up" states',
'some neighboring "up" states')):
plt.figure(figsize=(14, 3))
plt.bar(range(len(configurations)), [item[1] for item in configurations])
plt.xticks(range(len(configurations)))
plt.gca().set_xticklabels([item[@] for item in configurations], rotation=90)
plt.ylabel('shots"')
plt.grid(axis="y")
plt.title(f'{name} configurations"')
plt.show()

plot_counts(counts_simulator)

no neighboring "up” states configurations
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70V RAS, ROBAMEZTH, BOBHILET7 I—XZERICERBLECEEZHETEERT,
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1. —f&IC, 7OY 9 nTVERWVRE BHETDAE N 2 2% TPV 7 RETIEEVIREE) &,
BHZET DAL DL BLEE 1 DORTHATEAEE TPV 7 RETHIRELNE RNV T

CB

2. —IC, BREAN7OYIEhTOVEWRY, "7y 7, OERENSVIRENFrBEEINET,

3. RE— M ERER, ERICEZELBEESIRE "dudududu"H & TI "udududud",

4. 2 BB IC—MWNRERF, BREITDDEN 1, 2, 20 "TTYT, IFHAFT—2a3aH3D2LH
BWRRETY, Chid, vanderWaals DA > XZ 02 3avh, REEWEEICEHETS (2K
L., B2 ICNhEVN) CE&EZRLTVET,

QuEra® Aquila QPU TMOE1T

BI3R% M : Braket SDK 24~ AKN—)L 9% pip & BIIC. Amazon Braket 2H]H THEAT 2 HE
&, XEx "FAMAKR, ATVT7ZETLTVS e ZBRELTLEEZL,

(® Note

Braket Y RARNTD /=R TV VAV ARV A%ZERL TWVWSI5HE, Braket SDK (ZlE 1~
AEVANTIAVAR=ILEhTVET,

ITRXNTOKRFERZAAN—ILTBE, AquilaQPU IZEHETEEXT,

from braket.aws import AwsDevice

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

AHS ZOY 5 ALA%ZQuEraX> VICBLAEEDIZTZICE. AquilaQPU THEE I B
BELRIVIZCERTDISIZCINTOEZNBREATIXENf HVET, (hSOEH

&, BRI TR, AFEENBTNAANTA—RICK>TEBEhET, /—KTVY
Yaquila_gpu.properties.dict()T ZETIDETHRBTEET, Aquila DHEEEEE
HOEMIIOVTIE, TAquila DBEE / — K7 v 0, Z28BLTLKEEVN ), ChETSICK,
discretizeXVVy RZHUOHLET,

discretized_ahs_program = ahs_program.discretize(aquila_qgpu)

T, 7O L (REF 10023y MOKZERTT) Z Aquila QPU TERITTEDLSICHYEL
/ol

QuEra® Aquila QPU TN AT 58


https://github.com/aws/amazon-braket-sdk-python#installing-the-amazon-braket-python-sdk
https://docs.aws.amazon.com/braket/latest/developerguide/braket-get-started.html
https://github.com/aws/amazon-braket-examples/blob/main/examples/analog_hamiltonian_simulation/01_Introduction_to_Aquila.ipynb
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® Note

COZ7O7ZL%ZAquilaZ7OEY HTERITTRHE, JARRELFTT. Amazon Braket
SDK IZIF, BEENAANFRZREL., AANZEEVTILRA LTEITES Cost
Tracker FE8FENhTVET,

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

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

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

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

BFRAVDERTICADDEHEROIES DENKREVLZS (AAMKD A2 RTUE QPU EARIZKST
RBNET ), EFRATVARN Z2EEBOTIHBLKIELZHEBOLET, LEAN>T, #TROO—
RAZRY RTEDAT—RAZHIETELRY,

# Optionally, in a new python session

from braket.aws import AwsQuantumTask

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

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

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

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

*[Output]*

QuEra® Aquila QPU TN AT 59


https://aws.amazon.com/blogs/quantum-computing/managing-the-cost-of-your-experiments-in-amazon-braket/
https://aws.amazon.com/blogs/quantum-computing/managing-the-cost-of-your-experiments-in-amazon-braket/
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task ARN: arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-
cdef-1234-567890abcdef
task status: COMPLETED

AT—RANTT IS E (AmazonBraket 1V — )L DEFRAIR—IHASEERBTEET )., X
NDHEETHEREZIVITEERT,

result_aquila = task.result()

QPU #FRD 5T
et RUget_countsBABEFEATHE, NIV NEFETEET,

counts_aquila = get_counts(result_aquila)
print(counts_aquila)

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

& T77OY RLEIplot_counts,

plot_counts(counts_aquila)
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https://us-east-1.console.aws.amazon.com/braket/home?region=us-east-1#/tasks
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no neighboring "up” states configurations
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CL—EDTAYRNIZOHAKN(Tey TYI=D)HAHBDEITFELTLKEETY, Ch

i&. AquilaQPU DEFC E DEROTELMAN 1~2% THBHENBERTT, chEFRIC,
23V NEADPBVEY, BREFEREhDIEFEBHANTIIAIL—232E—HLET,
IR

ChT, O—AJI AHS > X 1L —2&—& Aquila QPU % L T Amazon Braket TH&#® AHS
J—O0—RZERITTEXRLI,

Rydberg #)38%., 7FOJNIIINNZTrZalL—>32, AquilaT/NA AOFRICOVTR,
TN/ =TV BBRLUTLKEZ L,

SDK THEZEET S

OtV 3IDTR, AROER. EFATEET —NORR, EEROILEKR, SROEZTT/NA ALY
R—KIBT-—RNORROBZRLET, Ko, FBT 28V HTqubits, ERETNALEHY) ICHEE
ZBRITIDISCAVNATEERL, JAXYZIL—E—%Z2FALT/AADODZVERERBET
BHEICODVTEBALET,



https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
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i, BED QPUs, FHIC DWW TIE. Amazon Braket T® Pulse Controly Z2ZBL T EE L,

cOEVIIAVOAR:

« T—hEMER

- EB5 W RIE

« FHqubitEll) HT

- BEMNBEINAL

« JAXYZa1L—>3Y
- EEROKRE

- BRR2AT

T — b Emg

E 14— N & B Braket Amazon Python SDK ® braket.circuits 95 ATEZRENE
¥, SDK A5, Circuit() ZHUTHL T, HILVWERBATZSIIORNEA VAR ALTEET,

Bl: EiRZEERT D

COBITIE, EEE—EFEY NRO/NANY—RT—hq0qlq2& 2 EFEY O CNOT '— N THE
RE NS 4 D0 qubits (TRIWFFEQ) B TIEKREZERLET. AOFICRTLSIC, printPd
BERPHTZET, CORBEREILTEET,

# 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|

q0 : -H-C---
I

ql : -H-|-C-

| |

q2 : -H-X-|-

I

q3 : -H---X-
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https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/circuits/circuit.py
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T :]0] 1 |

Pl: NoAX =BT N-EREERTD

COPITR, ZENFXA-—RILKETEZT PR OEARZERLET. ChSONTA—XDEE
EELTHLLVEREZERTSH., BREEFITIEECHEDTNAATEFRAVELTEIT
EFXT,

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)

NTA=BUXENEBLSNTA—ZHLETNTVEVERZHLERLTZICRKE., ROKSICE—
D float (TXTDZENTX—RNMBE) FLLRFRBENTAXA—ZDEZEETSF—T— R5|EH®D
WIFhAZEELET,

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

my_circuit FEEEhTVWAVLES, chZFEAL TEENFX—ZFETEZ<OHLVERZ A
VARV AILTEET,

Bl: BEEDT—NEEETD

ROBITE, HHEHFEENEHFZ2ERATZ T — M eHF OAREERLET. chSODEEZE
ALT, #lEhET— b EEDHLVRYyT— NEERTEEXT,

from braket.circuits import Circuit

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

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

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

F—MNEHFEO—DILZIL—F—TOHRYR—RENTLVET,
Gl ERATARERTNTOS—RNERS
XOHIE. AmazonBraket CERABEBRINTODS — N E2HERITHHFEZRLTVET,

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)

COOA—RASOEHICEF, IXNTOT—M—EBERREINET,

['CCNot', 'CNot', 'CPhaseShift', 'CPhaseShift@@', 'CPhaseShift@l', 'CPhaseShiftl0',
'CSwap', 'Cv', 'cy', 'cz', 'ECR', 'GPi', 'GPi2', 'H', 'I', 'ISwap', 'MS', 'PSwap',
'PhaseShift', 'PulseGate', 'Rx', 'Ry', 'Rz', 'S', 'Si', 'Swap', 'T', 'Ti', 'Unitary'’,
V',V X', XX, XYY, Y, vy, rze, rzz']

chsOy—RE, TORATOEREOXY Y REFVUCHLT, BRICEMTEEFS, fIZE., %
HOHL Tcirc.h(0). |0 IC/\F I —R¥—KN&EEBML £ T qubit

® Note
F—MNFAEOMNEICEMEN, UTOHTE, BIOBICETFEIXNTOS—N2ELURE
CEBMLTVWET,

circ = Circuit()

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

# cnot gate

circ.cnot(@, 1)

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

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

circ.cphaseshiftoo(o, 1, 0.15)
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# controlled-phase gate that phases the |01> state, cphaseshift@l(phi)
diag([1,exp(1j*phi),1,1])
circ.cphaseshift@1(@, 1, 0.15)

# controlled-phase gate that phases the |10> state, cphaseshiftl1@(phi)
diag([1,1,exp(1lj*phi),1])
circ.cphaseshiftlo(@, 1, 0.15)

# controlled swap gate

circ.cswap(Q, 1, 2)

# swap gate

circ.swap(0,1)

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

# controlled Y gate

circ.cy(0Q, 1)

# controlled phase gate

circ.cz(0, 1)

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

# X rotation with angle 0.15

circ.rx(0, 0.15)

# Y rotation with angle 0.15

circ.ry(0Q, 0.15)

# Z rotation with angle 0.15

circ.rz(@, 0.15)

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

# identity gates applied to q@, ql, g2
circ.i([0, 1, 21)

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

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

circ.pswap(@, 1, 0.15)

# X gate applied to ql, g2

circ.x([1, 21)

# Y gate applied to ql, g2

circ.y([1, 2])

# Z gate applied to ql, g2

circ.z([1, 21)

# S gate applied to q@, ql, g2

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

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

# T gate applied to q@, ql
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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@, ql, g2

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

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

# exp(-iXX theta/2)

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, 0.15)

# 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 @.15 applied to g0
circ.gpi2(@, 0.15)

# IonQ native gate MS with angles 0.15, 0.15, 0.15 applied to g0, ql
circ.ms(@, 1, ©.15, 0.15, 0.15)

EEZHOT—REY NERGRIC, BEEEOI XV —NEERICERAITZELEETEERET,
nslF, BE—EFEY NS —KN(ROY—AD—RZSHR) TE, targets/VTZ X—RX TqubitsiEZ
TN ICERAEThDNILFEFEY R —KRTELAFTVEE A

import numpy as np

# apply a general unitary

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

Bl: BEfF O Bl 3% Z L5k T B

MEZEMNMTR LT, BEOEKZIRTEET, Instruction k., EFF/NA ATEITITS
BFRAVEERITBDEFTFILITAT T, InstructionBEFICIF. RA7ODAT> Y
NGateD A EENET,

# 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})

Bl: BT INA AN YR—RNTBDT—NORR

X1l —%—& Braket SDK DI XTDS— R EHR—KMLETH., QPU FNA AR PMEBRTT

EYRNEHR—KMLET, FNAADHR—RENATVRT— K&, FNAAOTONT 1 THIET

EFEXT, lonQ F/NAM ADHIZRICRLET,

# 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:

T—hEmEE
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['x', 'y', 'z', 'rx', 'zry', 'rz', 'h', 'cnot', 's', 'si', 't', 'ti', 'v', 'vi', 'xx'
'yy', 'zz', 'swap', 'i']
HR—KRENTWVWBY—NE, EF/N\—RIDIFPTEITITRHIC, XATA475—NZAVNAILT
ZHRENHYET, BEEXETHE, AmazonBraket DAV NAILZBEHMICETLET,

Bl: #NNAATHR—RENTVRRATATSF—NOBREEZ7OJ S LATHETS

Braket A2V = DOFNA AR TERERBERRTEXRT. TOJZATEALBRICT V7t
AFRERUDBEN BV ET. XOD—RE, QPU D 2 DOqubit7— KRBT 2 20T —NERE
ZHHETIHEZRLTVERTY,

# 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}"J["fXY"])

oS RIE

HOBICHRST, EFEBAOINTOEFEY MZRELE L, £EL, BXOEFEY NEE
FEFEY hOHTEY NERETDEFARETT,

Bl EFEY ROYTEY NERETS

COPITR, BEORRBICEZ—TY NEFEY NEE Dneasurem S ZEBML T, BorWEAEE
RLET,

# 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)
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# Get the results
result = task.result()

# Print the circuit and measured qubits
print(circuit)

print()

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

FEqubitE V) HT

PSEFIAVEI—XTEFEEBERITTSHEERIgetti. 77> 32 TFEqubitElV) ZTZ2FEA
LT, PIAVXALICERE NS qubitsZ B TE EF 9, Amazon Braket 1>V —)L & Amazon
Braket SDK (&, #BIRULEEFREIZY M (QPU) FNA ADBRFOF Y VI L—>3a>F—2%R
BEITHDOIC®IDOESD, EEBRqubitslCRBEBEDZRBIRTEET,

FEqubitEl W) HTICKY), ERERERYERICETL, B2 0qubit7’A/NT 1 ZFAETEET, HR
B LRI —EF. RFOFNAAF YV T L—23a>rF—RICETVTEBRTERELL, &
VEREEREBDIENTEET,

ROBIE, qubitsBATRIIC ZEIVH TR A EZRLTVET,

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)

FMEICDOVWTIE, "1 ® Amazon Braket Ol GitHub, Eklk&k W) E&EMNICEK, CO/—KT VD
QPU 5*/Y4 2T] Qubit DEIY 4T, #BBL T EE L,

(® Note
OQC AVNA Tk DEREEHYR—KNLTVWEE Adisable_qubit_rewiring=True,
CcNT7ZT7 ILBRETDE., EVWSTT—TrueANHELEFTAn error occurred
(ValidationException) when calling the CreateQuantumTask operation:
Device arn:aws:braket:eu-west-2::device/qpu/oqc/Lucy does not support
disabled qubit rewiring.

BB NAIL

Rigetti, . F 7 & Oxford Quantum Circuits (OQC) M SEFAVE1—XTEFERZRTISES
lonQ, AVNASRHEREZZEEETICERENLEEBYICETIDRSICERITEET, BENEL
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ANAIILzEALT, BELAZEECNZESYICERICRFETS D (Rigetti. . HRT TH
R—KOQC) IonQ., ZTOHENHDNDHZERFTSH (RigetiTOHHYR—N) ZEEETEERT,
N=RIOITFRUFI—=—VEERIZ—BEZORNINOTZILIIVALEZRRETSHEE. /\—RUI
TTRITLTVBRT—NEERLATIONEZERICEETZATAVHNVBETT, BENZIAVN
AT, BEOKRBENMNATY 7 EZA7ICTRETCAUNAMILNTOLAZEEFHTES 2D, H
BASRTESYICEELET,

BENAI/INA I IEBEERIgetti, . . # &V Oxford Quantum Circuits (OQC) 7/N 1 A THR— K
ENTHBEYIonQ, KA TATTF—MNEFERITIVENHYYET, BENSEIANAIINEERAT 5
gl FNAAOKRRADZFIYIL T, F— M ERERICHVOEE hqubits, EEA/N—RDI
TTHR—RENTVRRATATS—NEFERITDELEEZRMRIT DL EBHBOLET, X0fl
k. PFNAATHR—RENTVWBRRATATSF—RNOUANITATSATT IV EARATEDFEER
LTWET,

device.properties.paradigm.nativeGateSet

Ni5ERigetti, FFBWEI/INA I TERH T SdisableQubitRewiring=Truellld, ZF&EL T
qQUbItBE DAY U T A7 ICTBUENHYVET, AVNAIINTEENBRY VAZFEATHEE
I disableQubitRewiring=FalseA"SFREETNTVRHE, ETERFBRIIICKBL, EETEhE
BA.

EEICH L TEFNEINAUABMT, ThEeHYR—FLTLVEVWQPU TETISHE, YR—
RENTVWBWARL =232V LR 2 TRAIVARBLUECEZRT IS —HFEREIhET, IUN
AT—BEBERATATLHR—NTREF/N\—RIVITHFERIBICONT, COBBERILRE 1,
CNSOTNAARZEEDRELSICRYET, BENBIANANLEYR—KITBTNA AR, XD
O—RTREENEZEZLL, YR—BFNERTVWRIARL—232ELTETIhEBHET,

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

BENEIOANAINEERALTEEMOANIRELER A, Braket QPU FNA1 A, /—KT YD
AVARVA, FUFNVRIZAL—F—TRITETNLEEFRXRATICDOV T, Amazon Braket
DRER—TZTEECNTVIBREORSICETV TS EHREREEINET, FHICOVTR, Z&FE
WEIANANY TN/ —NT v o2SBLTLSEETL,
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® Note

OpenQASM ZEFA L T OQCB LT lonQT/NA ADEIEEEEAK, E
REYEETEY NIBEEYYE T I5545(E. #pragma braket
verbatimdisableQubitRewiring”7 Z 7 A" OpenQASM ICK > TRLIZEFEnB -
b, BERATISHENFHYNET,

JAARZTalL—3y
O—AN/AXYZIL—R—BA VARV ALTRICE. ROESICNYITY REEETESE
T

device = LocalSimulator(backend="braket_dm")

JAAXDZVERIEE, XD 2 DOHEETHEETEEXT,

1. JAXDZVERE THH SHBELET,
2. BFEDO /A XOBEVEREFEAL., 2KIC/ A XZHALET,

ROBIE, BB/ A XEHARL Kraus FY RN EHA-EMBEEREEATST7O0-F%
RLTVET,

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

# create an arbitrary 2-qubit Kraus channel

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

JARYZaL—2ay
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circ = Circuit().x(@).y(1).cnot(0,2).x(1).z(2)
circ_noise = circ.copy()
circ_noise.apply_gate_noise(noise, target_gates = Gate.X)

BREOERTE, RO220FICRITLSIC, Uate@AUI—Y—-T O ARUVIATT,
1 1
task = device.run(circ, s3_location)
Fi&E
i 2

task = device.run(circ_noise, s3_location)

ZOMOBIZOVTR, Braket AP/ A XS 1L —8—0fl, EBBLTEE L,
B3R DRE

Amazon Braket DE FEKIZIE, EVSBRUKEOBMENH V) EIMoments, K ik, Z&liC 12
DT — N Z#ZEBRqubit TE EIMoment, DB, EREZTOT—NIRALXTL, FENEE
#IEM TS Z EMoments T,

® Note
EF—XVRNGEE. QPU T — R RITENBUTIILERALLCHIELTVEEA,

EEOREE, TOEBADTE—XNOBBRICE2>TERASNET, XDPlcircuit.depthllR
TERIIC, XVY REZEHVEHITEBRREZRTTEET,

# define a circuit with parametrized gates

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

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

T | ] | 1 [2]
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g0 : -Rx(@.15)-C---------- X-

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

q2 : ---------- X-]---===----
I

q3 : ------------ 22(0.15)---

T | 0 | 1 [2]

Total circuit depth: 3

LEDEBROEFHERRERF 3 TT (E—XHh0. 1, LT ELTRREAET2), FE—X
PhROT—FEMEEHERIBDENTERT,

Moments &, F—EEBEORTOF 4023 FJELTHELET,

« ¥—I(3 TMomentsKey (). BLIEFE EqubitiBHRAEENRTVET,
« COfElF. Instructions() DRA T TEV)HTSNhET,

moments = circ.moments

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

MomentsKey(time=0, qubits=QubitSet([Qubit(@)]))
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(1), Qubit(3)]))
Instruction('operator': ZZ('angle': 0.15, 'qubit_count': 2), 'target':
QubitSet([Qubit(1l), Qubit(3)]))

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

F/=. Moments ZN L TEEICTY—RNEEBNTEDEETEET,

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---
|

gl : ---C-H-

T : |0]|1]2]

WREAT

Amazon Braket &, ZFERALTCEREZAETDE, SEXIEBZRATOERERTIENTEE
FResultType, EBEFXDRATORRERT ENTEERT,

AdjointGradient &, BEEhiATHF—NT I OBFEDOAHE (KT NLIRE) £#IBLET,
COFATH—=—NEUT 1k, EEXBAZEEFEAL T, BETCAENTA—RICBEALTEEE L
=Y RNTEELET, COXYY RIE, shots=0 DFEICOKFEATEET,

« Amplitude (&, HADI—T7BERTHEETNLEFREDIRIBEZELET, Chik., SVIB KT

O—AILZ1L—3X—TOKFERATEEXT,

Expectation &, BEND AT H—NEVUT 1 OHFEZERERLET, COERK. COETRIELR
U7 Observable 95 ATERETEE T, AT H—NTIILOBIEqubitsiCERAE D X—5' Y
NEIETEIHVENHYVET, £k, BEEThEX—TY N OB, ATHF-—NTIHNFEHETS
DFqubitsEZEL < BFNERVERBA, F—TY REEBELBEVEE, A7Y—NTILE1TO
& B¥EqubitL, IXTO ICHfTqubitsL TEAEhE T,

Probability &, FFEEEXNDREZAETIHEEZRLET., 2—T Y MFEEEhTLWEVES

&. Probability BINTOERREZVUETIHEZRLET, XI—T Y MEEEAhTVS
BE, BEESNER—ARINILOODTHEEED HqubitsBENET,
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RREHA R

- Reduced density matrix &, BEEhEZ—Y'Y NOY T AT LADOERETHIqubits® D>
ATALANSIEBLETqubitss CORERZATOH A XEHIRT D78, Braket EX—5"Y KD

qubitsZ R/ K 8 ICHIBRL £,

« StateVector B7INAT—MRIBNLZEBLET, O—HI>Z21L—X—THHTEXT,

- Sample &, EENEX—5Y hqubitty heATH—-NTIILOREHZERLET, X—FVY
REEELEVEBE, A7H—NTIIE 1 TOXKEEqubitL, TXTO IZH1TqubitsL TEAE
h&EdT, 2—TYNERBETIEE, EESNEZ—TY NORIE, AT H—-—NTILIEETS
OFqubitsE FL LK BIThIEBEW A,

. Variance k. IEENEX—4Y Nqubitt Y MOS8 (mean([x-mean(x)1%)) #RL., ExR
ENERERRATELTHATEEZERLET, 2—TY REEELEVEES, 77 -NTILE

1 TOHEEQULItL, TXTO ICHETqubitsL THEHAENET, ThIUINDIEE,
Ty ROBE, ATHF—NTINZ2BATES OBqubitst FELLBEFhIERY FEB A,

ERETEBTFNAATHR—RENDBERRAT"

A—Al
L

\’l

pd

SV1

DM1

TN1

Rigetti

Y*

lonQ

BEETDR—

oQC

BREAT
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paN Y Y Y Y Y Y Y

® Note
*l&, &K 40 DHERER R 1 7'Rigettin) & & H7R— K L F 9 qubits,

ROBICRTEKDIC, YR—RENTVWBRERZATZ2HREITDICE. TN A07ONT 1 2/ANX
x99,

EIIm

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

'y', 'z', 'h', 'i'] minShots=10 maxShots=100000
name='Probability' observables=None minShots=10 maxShots=100000

name='Variance' observables=['x",

ZHUOHTICEResultType, XDOBIZRITRSIC, ERICEMLET,

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

TFINA ALK 2T, BREL TREME (5 ERigett) ZRMHE L., HREL THER (lonQ
BE EBREBIDZFNAAEH FTOQC, SDK FRERICHEZTONT 1 ZREHLE
TH, BRZRITNAARIZCODVTR, FFERICTDIhET, LEN 2T, 1onQ¥ I

L2 TRHETNDZEISILBT/NMARKOQC, ay N EDHEMFBNRENEVNESH,
RICK D TRETNEREBEEREET. COTT7AINICRTELDIC, BEATS IV

Nmeasurements_copied_from_deviceT Z#XRRTD & T, BENRANIVEL—
FATENTVRHAESH EERTEET,

ATH—INT )

Amazon Braket IZl&, BIET2ATH—NTINZ2BETHLOICFERATE S Observable 7T AN
EENhTVWET,

Bk, BR1O2O—ZDFEIDATH-—NT I 2 BRATE LI qubite AL IC2 DUEDEKSZIE
ID A7H—NEVT 1 ZIBETD Equbit, T7—HFRRENET, COBHNOLEHIC, TUVILE
BOBEZFBLOATH—-NEVFA1ELTHINEND LD, BLU THETZDEHROTY
WEREFEODCERFTENET, & Lqubit, TO TEETSZERqUbtIELU THRHEICREY
-

FTH—-NTN'2RT—V2TI UL, ATH=NTIL (RT—VTOEEICHIHIDST) ZEBMTD
CEETEFET, ChIC&kY, AdjointGradientfERZ A 7FSumTHEATE S NMEREhET,

Observable 95 AICIE., ROATHF—NTIHFEENET,

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()
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# 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)

# 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.F -1.+0.31]
The matrix form of the tensor product:

[[ 0.+0.] ©0.+0.j ©0.-1.j 0.-0.j]

[ 0.+0.] -0.+0.] ©0.-0.7 0.+1.j]

[ 0.¥1.] 0.+0.] 0.+0.j 0.+0.j]

[ 0.+0.j -0.-1.7 0.+0.j -0.+0.3j1]]
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)))

INTX—&

EERICE,. 1 EEE - BHRERT, ARATEALLEY, ARZHEIILHICEATEDIZENT
XA=BHFBERTVREENBVET, 7U—NFA-RICRXFHIII-—RENLEZFANHY).,
EzEELLY, EBLELTXBTRIAESHZRELEVTERT,

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]
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XETANTX—RIZIE, BH (XFH) F-REESRBEHEALTEELE

¥, AdjointGradient BRRA 7 ZFEAL L ABROFER., SATEES OHFEICEL TITHh
BDEWCFEEBELTLEEZL,

A NTAXA=REhZERICSIHRELTELTZEENTX—XDEZBEL LBE. BRXA
7'AdjointGradient& LT ENTX—RZHBEL TERERTIDEIS—HFRELET. Ch
k., EOXBICEALTVAINIXA—ZAFELBVLEOTT., ROFIZSHLTSLEE L,

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

QPUs E2ZI1L—X—ANDEFRATVDIEE

Amazon Braket &, EFRARAVEERTTEDIBEROTFNAANDT IV LAZRHLET, EFZA
JREBICEEFETZIEE, EFRATVONY FUBERETDEETEEXT,

QPU

EFRAVEVDOTE QPUs IZIEETEERTA. XAV Amazon Braket 12V — )LD F /N A
AR=DIZRTENDBFEOAAMV A RUVATRERITENET, EFXIATVOERE. X0ty
JAVTHBNITIEFRAVID ZFRALTERBTEEY,

* 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 (F#IMd):arn:aws:braket:us-east-1::device/qpu/iong/Forte-1

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

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

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

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

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

X1l —%—

- RETHIZa1L—R—, DM1: arn:aws:braket:::device/quantum-simulator/
amazon/dml

QPUs t&ilb—g—«®§%917®ﬁ1§ _
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e« AT—KMRIUKNIZ1L—&—, SV1:arn:aws:braket:::device/quantum-simulator/
amazon/svl

s TUVYINLRYRND—U>Z2L—&—, TN1: arn:aws:braket:::device/quantum-
simulator/amazon/tnl

e O—AIN>Za2L—2A&—:LocalSimulator()

(® Note

QPUSB LUV AV TFIV R Z1L—X—O CREATEDRENEFRARVZEX Y I TEE
To FAUFNRIZTIL—F—& QPUs TlE, RARNI 7 #—K~AX—RAT QUEUEDIREED
EFRAVEFYOEITEXRT, QPUEFRX AV L. QPUQUEUED ORTHAMED 1> R
FICEEBICF Y EIEhD AR EVCECERLTSEZY,

COtEITIAVORER:

« Amazon Braket DEF X AU Dl

* QPUADETRAY DIEE

s O—ALNZAL—ZR—TEFRARAVZRERITTS
« BEFRAINY FhiE

- SNS BAIZRETD (F7>3Y)

e AUNANEhEEROKRE

Amazon Braket DEF X A Ol

cDtEU2a>TR, FNAADBRISHERDRRET, EFRZAIVDHZEERTITBIEMICOVWT
HBALET, AmazonBraket DRARNTZIT1AELT, FF BENDTI1L—X—THKER
T9dEez2B8HHLEITSV,

COEVIIVORE:

s PNAAEEETS

« BEFRAVDOHIRIEETS

e NTX—BIENEZAVZRIXETS

» shots Z1EET S
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c BROKR—-UT
s YO TILEROERT

TINAAERET D

T, BFRATVDTNARZERLTEELERT, cOBITR, >IaL—5— 28RIBZFE
ZRLETSV,

# choose the on-demand simulator to run the circuit
from braket.aws import AwsDevice

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
COFNAAOTONTADO—EE, RKOKSIZRRTEEXT,

print (device.name)

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

Sv1

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

('actionType', <DeviceActionType.JAQCD: 'braket.ir.jaqcd.program'>)

('supportedOperations', ['ccnot', 'cnot', 'cphaseshift', 'cphaseshift0o',
'cphaseshift@l', 'cphaseshiftl1l@', 'cswap', 'cy', 'cz', 'h', 'i', 'iswap', 'pswap',
'phaseshift', 'rx', 'ry', 'rz', 's', 'si', 'swap', 't', 'ti', 'unitary', 'v', 'vi'
'x', 'xx', 'xy', 'y', 'yy', 'z', 'zz'])

('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)])

4

BT RAVDOHIZERFETS
AVFIVRIZIL—R—TRITIPRBFRRAVOHERELFT,

# create a circuit with a result type

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

device.run() AX > RF API ZFEAL TEFR AV ZEHK L £ CreateQuantumTaskhttps://
docs.aws.amazon.com/braket, FIHALEFEAAEVE., EFR ATV, FNAALTEFRAVZE
TIBRENFEITDETFI—ICANShET, COFEE, FNAM AR TISVI, T/NA AN
BEZTT9%E. AmazonBraket [FFEUH U TIEEE Nz Amazon S3 DIBFIICHERZEEIAKE
o VESI B s3_location GO—AN2Z 1L —Z—ZBR<ITXNTOF/NS/ ATHETTT,

(@ Note
Braket E¥ R AV F7 023> OH 4 Xk 3MB ICHIPRENTWET,

NZX=BUEN-RAVZIEETS

Amazon Braket 77 FNY Y RBELVPO—AINTZ1L—X—& QPUslE, ZAVEBHOZEE/NT
X—BDEOEBEETR—BNLTVET, ChZETSICE. ROBICTRT LS ICdevice. run().

O inputss|BZFEALET.,. FNXFIERBHPIRIORTOTF 140> 3F inputsTHDHEAH
HYVET, CT, F—RFNFAX—XETT,

INZXRNUY AV NAILEE, BED QPUs, HR—KhEhTWVWS QPUICEFRATZELT/NTX
Ny OERZEFETDE, Braket FEEZ 1 BI/NAIIL, BEREFYY>Z21LFET, ALE
BADERGEONTA—RBEHROBIAVNAINRBEITOIAZVWESD, BUEREZEATEIZAT DRITH
BAEMENET, Braket ik, BIBEI/NAILNTREELL, N—ROITFTONAF—HNSEH
EhizF+)I7L—23>0F—2288NCEALT, BREmBEORKREREALET,
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® Note
NTZARNUY OO N1 )&, Rigetti ComputingS KU A S DT X THBEES — K~
R—AD QPUs THR—RENTVET, =L, OREBLARILT O S L%EKE Oxford
Quantum Circuits& 9,

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.zZ(), target=0)

# add another result type

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

# submit the quantum task to run

my_task = device.run(circ, inputs={'alpha': 0.1, 'beta':0.2})

shots Z18E T %

shots B|#iE. YELZAIE OESHBL ETshotse BREDT AL —F—F, 2201l —
23 E—RSVIZHR—KNLET,

« shots=0 MIFE, I1L—F—RBEREIIIL—232VERTL, INTORERRZATD
true fEZRL & T, (TREATEXREA ) TN1,

- OEOMADEDIFZEshots, I 1IL—RBEITAANIELI—>32ASHTIIL
T. O QPU Oshot/ A AT Z1L—KMLEF. QPUs QPU 7*/51 Al shots > 0 0 & % 5F
ALET,

BEFRAIHEVOFEART I Y MIZDOWTIX, Braket Quotasy Z2ZHL TS EE L,

BROKR=V>T

ZRITTB Emy_task.result(). SDKREFRZAVDERRICERZL ENTX—2ZFEAL THE
RoR—D2ITZBBRLET,
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poll_timeout_seconds l&, FFNX R ZI1L—2—X QPU FNA ATEFRAVZEELT
FTRDEEILRALTIRNTBEICEFRAVZR—IITTBREHTT, 77 4L MER 432,000
®((GBAH) TI,

£ : RigettiX® &M QPU /N1 ADFE S IEklonQ, AN DB ezHE#HLET, R—1
DUOBALTIRNETEDE, R—UITHERICERFBENBEVENHYET, IR

&, QPU ARIATERWEE, O—HAIRAALATIRNIZT—HNFREIET,
poll_interval_seconds l&. EFRAINR—U 2V ITENBDHEETT, TN R X2
L—2—& QPU FNA ATEFRAINRITENEEZAPIZ, Braket EHUPHEL TAT—R A
ZBIPHEZEELET, F7FINERF 1T,

COFEFHRTICEKY, BCEATEDLERERS BV QPU FINA ADBRENFBRZICBEYET, fix
. BEOX T ABBAHRRITNA AZEATEBRVWREENFHYET,

BEhDFERICE. BEFRAVICEBERTSMIEARTF—20#EEN EEIAE T, AEFERE. XD
AR RTHFETEERY,

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

Counter({'000': 761, '101': 226, '010': 10, '111': 3})
Probabilities for collapsed states:

{'101': 0.226, '000': ©.761, '111': 0.003, '010Q': 0.01}

YO TILERORR
ResultType £EEL DT, BENBDBERERTTEET, BREXM7E. BRICEMENEIE
ICRFENFET,

print('Result types include:\n', result.result_types)
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RREREHA R

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, O. , 0. , 0.2291))]
Variance= 0.7062359999999999
Probability= [0.771 @. 0. 0.229]
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QPU ANDEFR AT DIEE

Amazon Braket 2R T2 &, QPU FNA ATEFLEREERITTEET, X0HlFE. EFFZAT%E

RigettiE 7=l lonQ TN/ AICEE TR HEERLTVET,

Rigetti Aspen-M-3 /N1 A& BIRL ., BEITIEEIT 7 ZHRALET,

QPUANDETFRAIDEE
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# 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': ['0', '16'],
'2': ['3', '15'],
'3 ['27, 4T,
'4': ['3', '5'],
'5': ['4', '6'],
'6': ['5', '7'],
'7': ['@', '6'],
'11': ['12', '26'],
'12': ['13', '11'],
'13': ['12', '14'],
'14': ['13', '15'],
'15': ['2', '14', '16'],
'16': ['1', '15', '17'],
'17': ['16'],
'20': ['21', '27'],
'21': ['20', '36'],
'22': ['23', '35'],
'23': ['22', '24'],
'24': ['23', '25'],
'25': ['24', '26'],
'26': ['11', '25', '27'],
'27': ['20', '26'],
'30': ['31', '37'],
'31': ['30', '32'],
'32': ['31', '33'],
'33': ['32', '34'],
'34': ['33', '35'],
'35': ['22', '34', '36'],
'36': ['21', '35', '37'],
'37': ['30', '36']1}}
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HIRDT 4 U2 3F)connectivityGraphll(d. REDRIgettiT /N1 ADEHFEICBET B BRSNS
FNhTVET,

lonQ Harmony 7*/N1 A%&iR3 %

lonQ Harmony /N1 AD{E. ROBICRT KRS, connectivityGraphE =TT,
k., FNA AN F—INY —F— )L EHREZRHELTVD O TT, LA ST, FLLV
connectivityGraph FAEH V) T A,

# 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': {}}

ROBICRTRSIZ, FT7AILRNTY NAADBEFREEEL LBE. RERETS S3
INT Y RshotsD 3T poll_timeout_seconds (). (F7#J)Lk =432000=5H ).
poll_interval_seconds (7 #JL Kk =1s3_location) 2B IT2AS>a rHET,

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

lonQ & & T RigettiT* /N1 Ak, REENEEREZTNTLOZRATA 77—y NCEBWICO
YINALIL, fRqubitf > TV VAZETNETND QPU qubitsDPEICNYEZ T LET,

@ Note
QPU FNA ADBERRSNTVWET, REILCETI L, FHEBIRSZEDI LN FEE
nE9,

Amazon Braket F4SEDTRAMET 1 ROUAT QPUBFRAVAERTTEERITHN, HHITBHDINT
NDTF—REXARTF—ZNFEYE SINT Y NMIERICRTFENDLH, VOTEEFRAVEEET
BET (24/7)e XOEDVZAVICRTRSIC, AwsQuantumTask&E—ZNEFRAY ID Z2FEAL
TEFRAVEZBRATEET,
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O—AIN>Z1L—Z2—TEFRAVZRITITS

BFRAVZEO—ANILIZ1L—2—CEHEEELT. FEY RTORNRAMEVTETARNEITSC
ENTERT, COVIIL—F—RO-ANLRETERITE NS LS. Amazon S3 DFFTZEET
PHBEBRHNEEA. BRREYIVTEENETNEI, O-HILZIL—X—TEFRAY
ZRITIBICIKE. shots/N\TX—Z DA ZEEETDILEN HYET,

(@ Note

O—A)L>Z 1L —Rqubits—HANEBTE BRTEE & KRABIE. AmazonBraket /— K7 Y
DAVARVAZRAT, EEEO—HAILN—RITITHKICE>TEBZYET,

ROAXY REINTE—-T, AT—MRIRNL (JAXT7V—)O—HLZIAL—R—ZAVA
2ALLET,

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

device = LocalSimulator()

device = LocalSimulator("default")

device = LocalSimulator(backend="default")
device = LocalSimulator(backend="braket_sv")

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

O—ANZBETH (/AR)2Z1IL—R—ZAAZVANTREHIC, BEERENYIIV RE
RDESICEELERT,

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

O—ALZ1L—F—TORENEFEY NORIE

O—HAILAT—MRIRNLZZIL—EF—EO-ANLEBEFTI>IAL—2—E, BAROEFEY b
DHTEY N2 RETEDRBEORTEHR—NNLET., ChiFk, BIRE EHEIhB N K<
HWET,
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FIZE, ROOA—RTR, 2EFEY NEIERZEHERKL., 3—TY REFEY NZEFDmeasurem
ZEEORBIZEBMTAEICL>TNDH, RINDEFEY NE2HETEEXT,

# 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)

BFRAVNY FuiE

EFRAIONYFLAEBRE, O—NIIZ1L—2—%BR< ITNTO Amazon Braket 7*/V 1 A THEHA
TEET, N\VFLEBE, BROEFRAVZNLTLTRETED LS, FFIYRIZI1L—
X— (TN1 £ SV1) TEITITBIEFRFAVICBICKRIULEET, SEXTERBZEFFAIOEY ~
TV TIC’&IDKSIC, AmazonBraket Y7 I)L /—KT v 0 B#RBHELTVET,

NYFRBZERTIE, BFRAVZAITLTEHTERT, flAE, 100HOEFRAVZLE
ETRFHEZTV, ThSOEFRAVOEBRAEVICHMILTWRIEER., NYFLEZEATS
CEEBBOLET, TOITIE, HBIEFRAINFETIDDEF2>THSHORZAVNABE h
PUBERIHY I A

ROBIE, BFRATDODNY F2RITIBDHEZRLTVET,

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
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M OVTIE, "1 ® Amazon Braket @l GitHubE =& /NY FREBICEE T3 & V) EEN B ER
EEOCETFRAIONY FAE,, #S5BL TKEEV, https://github.com/aws/amazon-braket-sdk-
python/blob/main/src/braket/aws/aws_quantum_task_batch.py

EFRAVONY FMEBEDANMCIDOWVT
EFZAVONYFREBEFRIAAKNCOVWT, WO2ADEESNFHYET,

s F7AIRTRE., BEFERAINY FREZIXNTOEZALT OV NEZEBHATIZN, EFRARAVZ3
EABETEET.

¢ qubits M 34 72 &, EREETENDIEFRXATIONY FIZWFESVI, KEZTJANREKET S AIEE
HABYET, EFRAIONY FZ2EBITHENC., run_batchBl) HTEZEEICEHEREL T
<EEVW, TN1 T 2FEHATREREEESH L EFE Arun_batch,

« TN1 Tk, KBULEUN—HBILTI—ZXRAIOIARNDRKETDAEMEN BV FTT FFAICD
WTE., TN1 OFRBAZZRLTLKEEVY ), BBBERTICE >TIOANBMT S AEEN BB
Y, ZEATIHEE. /NY FREDO "max_retriessy OBZE O ICRETHD L ZHHOLET
TN ( TEFRAONYFHIE, . 186 TEEZSR ),

BETRATVD/NY FuEE PennylLane

ROBIZTRT KSIC, AmazonBraket PennyLane T ZfEAL TW3F S &, Braket /N1 A& A~
AR Aftparallel = Trued & ZIZ Amazon ZRELTNY FREZFERALE T,

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, )

EEALENY FREOFMICOVWTIE PennyLane, "EFEIROWHIKEL, 25BLTLKEE
(A1

BAONY FRIBBENT XA —2{LE nl-EE

NIR—BENEERESCRBFRRAINY FERETREZR, NYFROTRNTOEFARY
CEAENDinputsT1 023+, FLERALTAU23FlistD eRMIBDENTEFE
T cDBE. XOFICRTEDIC, ithTF14 923 F VR ith BRAVERTICHEYET,

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

# create the free parameters
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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)
T, B—ONTFANIYIERBROADT A3 FIDOIVANEERBL, EFZAINYTFEL
TEFEITREETEERT, VANCNBOALITA023FINBBHEE. NYFICENEOE

FRAVFBENE T, ithBFRAVE, ith ABWFA 023 FUTERITENDERICHISL K
9o

from braket.circuits import Circuit, FreeParameter

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

# provide a list of inputs to execute with the circuit
inputs_list = [{'alpha': 0.1}, {'alpha': 0.2}, {'alpha': 0.3}]

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

SNS BHIZRET D (7> 3a)

Amazon Simple Notification Service (SNS) Z/ L TEAIZFRE L T, AmazonBraket EF X AU N 5%
TUEEEBIZLTS—RNEZITWMBCENTEERT, PUOTA7RBAG., KEBEFRAVEEREET
2BEX. FTNAAOARAMET AV RIUATEFRAVZIEFEIDEERLE, RVSFHIFEHN TR
NBEEICERNTT, BFRRAINTTIDETHEMLEVESIE, SNSEHNERETEET,
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Amazon Braket /— 7Y U TR, EY NPY7TFIRICOVWTHALET, FMICOVTR., "o

@ Amazon Braket Ml GitHub, 4 ICEBHZRETZLEOOH TN/ — T Vv O ESRBLTLEE
(AN

OANAIILENZEBRORE

BEEAN—RIITFNAATRITENDEER, QPU THR—KRENTVWRRAT 1T —K I
O EZRTHELE, FRARBHERATINAIINTZZEN BN ERT, REOI/NAIEAKED
ZREIDER. FTNYVITOEBNTHEELRIEET, UTOI—RZFEAL T, Rigetti& OQC
TFNAADHMATZDERERRITEXRT,

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

task_result = task.result()

compiled_circuit = task_result.get_compiled_circuit()

(® Note
BE. onQTFNAAOIAYNAINBEHERERTTDERFITERE A,

OpenQASM 3.0 TEIEZERERITT S

Amazon Braket l&, #'— "R—ANDEFF/NAAETZT 2L —F—T OpenQASM 3.0 ZHR— K~
THEIICKYELE, COI1——HA RTE. Braket THR—KEhTLS OpenQASM 3.0
DHTEY MIOWTEHBALET, Braket D& FRIE. SDK ZfEM L T Braket Bk ZXE T2
A, Amazon Braket APl & Amazon Braket Python SDK ZfEAL TIXTDOT —MAR—ADFT/NA
AIZE$#E OpenQASM 3.0 X FF %2 RMFTDIHN ZBIRTEDLSICAKV EL L, Amazon Braket

COHAROREY ITR, LTORBFRAVEZRTIBHEDETRETRZHICOVTHALET,

« E73% Braket /N1 AT OpenQASM EF XAV EERL TEETS
HR—RENTVWBIFARL =23 ERBREZATICTOEATS
OpenQASM T /A X% X1L—hKTD

OpenQASM TEEN I NAIILZFEHATS

OpenQASM OEEBENO ~NZ 7N a—F1427
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Amazon Braket BREHA R

CDHA RTIE, Braket ® OpenQASM 3.0 TRETEDREND/N\—RIVITEEO#EOBEL
TOMDIY—ANDI 2 IERBLET,

COEIZIAVOREA:

* OpenQASM 3.0 & iF

« OpenQASM 3.0 Z2FATBREA1I Y

+ OpenQASM 3.0 M 148 H

- BREH

» Braket & &M & 574 OpenQASM BEEZ HR—KNLTWETAH ?
- OpenQASM 3.0 BF XAV DBl R L TREETS
« £7% Braket T/Y4 AT® OpenQASM O H7R—b
+ OpenQASM3.0 T /A A& Z1L—bhTD

+ Qubit OpenQASM 3.0 ZFERAL =BOA YY) T

+ OpenQASM 3.0 ZFERAL ZFENEI N1

* Braket A2V =)

s TOMHDIY—A

+ OpenQASM 3.0 ZFERAL LABDE

+ OpenQASM 3.0 ZFERAL EBENEFE Y NOBIE

OpenQASM 3.0 & (&

Open Quantum Assembly Language (OpenQASM) &, EFHTDFERIE T, OpenQASM &
F—=T2IV—=ART7L—LD=0THY, '—R—AODTFNAAROEF7OT T LOREKICELE
AEhTVET, OpenQASM ZFATHE, IR EFATEOBRERZERNIDEFT—bH
EHEREEZTOTSALATEET, OpenQASM OUFIO/N—2 3> (2.0) 1k, BSOS L%
RRTREDICZHROEBFIOVSIVIZ4TSUTHERAENEL L,

OpenQASM D L W/I— 3> (3.0) T, BION— 3> &R L T, IV RI1I—H—1>
R—TIAREN—RYIFPRASEMOF v v 7EBHB LI, WBLAILOHME, 7 — k24
S0, OOV OHBTO-BEOHEZEMLEL 2, BED/N—23 2 3.0 DFFME HERE.
GitHub OpenQASM 3.x Live Specification TAF TE E£F, OpenQASM O FF 3k ) B F (d OpenQASM
3.0 HMEREES ICL>TEEEN, TOSE5M AWS & IBM, Microsoft, & & U"'sbruck X%
DAXAN—TT,
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OpenQASM 3.0 ZEAT B2 XA T

OpenQASM &, 7—F T U F vEBTRABEWVELARIILFHZEU CEF 7O LAZIEETS X
BW7L—ALD— 7Ehu16tb‘@ﬁ®7 RAR=ZADTFNAAICDOEZDRBELTRET
¥, OpenQASM M Braket HR— Kk, ¥—MR—ANDEFT7IIVAXLZERITZLOO—EL
ET770—FELTHRAZESSICEYS, 1—H—HDNEBEOTL—LD—UTSA47S5VEZBL TH
BI50EMZRSLET,

OpenQASM 3.0 ICBRFEN 7OV T ALADTA TS UNHBHBEE. chsDERETEICEEHRAD
DTk <, Braket TOFEAICHEBE R ENTEET, AREBEXTFROY/N—IF. OpenQASM
TOT7INIdVALBERKZEYR—NLTVBFAAEEY—RN—F1—F475VOBENFEZTVS
CENSEREEZTBETTT,

OpenQASM 3.0 MO 11#H &

Braket ® OpenQASM 3.0 DHR—KIZKV), BEOFEXRAELEFDEOMENRBEhET, D
£V, Braket ZFEAL T/N\N—RIJIT7FNA AR A FIRIZIL—X—THETESR L

(& X T, Braket ZfE L T OpenQASM TEITTED WS Z & TTAPI, OpenQASM 3.0 7°
A2 LA%ZRTTBICIE. OpenQASM XZFHZITNXTOT—MR—ADTFT /N1 AICEEMIBL F
T chid. EEAN Braket LOF/NA AICHERBETNTVWSRHFZEELUTVET, Braket 1—H—
(k. OpenQASM 3.0 2HR—KFB2H—RN—F 1 =S4 TSV EHRETDEETEET, C
DHA RDEY) DD Tk, Braket THEH TS OpenQASM REZHRT D HEICOVWTHALE
C

Bl FR SR A

Amazon Braket T OpenQASM 3.0 ZfEA 3 % (Cl&. Amazon Braket Python AF¥—~Y0/\N—>3 >
v1.8.0 & & ¥ Amazon Braket Python SDK O/X—> 32 v1.17.0 LA RET T,

Amazon Braket Z#1® THEH T 35 SE. Braket Amazon ZEMICT B UEN HVET., FIEICD
WTIlE, Amazon Braket ZEICT 3, Z2SBLTLSEEL,

Braket & & D& 57 OpenQASM #gEZHAR—KNLTVWETH ?

RXDtEUS 3> Tk, Braket THR—RMEATVS OpenQASM 3.0 F—ZRE, ATF—KMXUM &
KO TSINGPE—EBERTLET,

OtV IAVOAR:

o« HR—KREHhTLS OpenQASM F*— X

OpenQASM 3.0 ZEATH XA 3T 94
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RREREHA R

« HAR—KRENTWD OpenQASM AT—K X K~

« Braket OpenQASM 7’59 Y

« Local Simulator T® OpenQASM 0 & E & #eEn HR— K
« THR—KRENTWVWDAARL —2 3> & X% OpenPulse

HR—KRENTLS OpenQASM F— X #
Amazon Braket Tl&. X ® OpenQASM F—REHNFHR—KRENhTVWET,

- BUAOEREE (RESLVOYE)EFEY NAUFTYVAILERAENET,
- cnot q[@], q[1];
- h $0;
s EHIBRBELRERR. Y- NO—FT—3CABICFEATEXT,
« rx(-0.314) $0;
- x(pi/4) $0;

(® Note

pi I& OpenQASM ICHARATNIEEHRTHY) . NFX—FBELTHEATI LR TERYE

Ao

- BMEHEOES RZEOILICDOVWTIE OpenQASM imk:d) &, —MABAILIY AN Z

EEITDEONH/KERAETISINER—TSIITHEATEES,
* #pragma braket unitary [[0, -1im], [1lim, @]] q[@]

« #pragma braket result expectation hermitian([[@, -1im],

HR—RMENTLS OpenQASM AT7— K X K

Braket Tl&, JX® OpenQASM Amazon AT — KX "R HR—RENTVET,

* Header: OPENQASM 3;
« VTV IUEYREE

- bit bl; (@%. creg bil;)

[1im, ©]1) ql@]

Braket (& & M & 5 7% OpenQASM #gEZ HR—KNLTVETAH ?
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« bit[10] b2; (A%, creg b2[10]; )
- EFEYRNEE:
e qubit bl; (RA%. qreg bl;)
« qubit[10] b2; (A%, qregqg b2[10]; )
s BIROA>TY I AER: q[0]
« AJB:input float alpha;
- Y13 O HRqubits: $0
s PNAARATHR—REATVBS—REARL—2 32
- h $0;

- iswap q[@], q[1];

(® Note

FNA AOHHR—REhTWBS— Rk, OpenQASM 74> 3> 05 /N4 A7A/NT 112
HUET, ChEoDT— NEBRATBICRT — NEBRIXES LA,

- BEWBERY VART—M XU K, BE. RY VABBRLERYR—REhTOVERA, BENE
RY DAZBRAT A 75— N EWEYS — N qubits P BET T,

#pragma braket verbatim
box{

rx(0.314) $0;
}

« qubit REZEL T AZqubits& A ICX T 2 BIE EBIEDEIN) HT,
« measure $0;
* measure q;
* measure q[0Q];
* b = measure q;

* measure q # b;
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® Note

pi I& OpenQASM ICHARFENTEZERTHY ., NTA—ZBELTHEATRHLERFTEFE
Ao

Braket OpenQASM 7*Z 'Y

LR @ OpenQASM 7°Z 4 X F Bl Braket Amazon THR—REhTWET,
« JAXTZIX
* #pragma braket noise bit_flip(0.2) q[0]
* #pragma braket noise phase_flip(0.1) q[0]
* #pragma braket noise pauli_channel
- BENBRTSIX
* #pragma braket verbatim
s BRRATODTZIX
- BERXREORRRA7 .
o« AT—KXYJ KN)L: #pragma braket result state_vector
- BMEY KN Y YR #pragma braket result density_matrix
- ISTF—2aAVFHETZIN
- & AE: #pragma braket result adjoint_gradient expectation(2.2 * x[0]
@ x[1]) all
« ZIR—ADERRAT :
- HA: #pragma braket result amplitude "@Q1"
- TEZ: #pragma braket result probability q[@], q[1]
s O—FT—23VEhiEBRERZAT
- Hi#5{E: #pragma braket result expectation x(q[@]) @ y([qll)

« 78 #pragma braket result variance hermitian([[0@, -1im], [1im, 0]])
$0
« Y27 )L: #pragma braket result sample h($1)
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® Note

OpenQASM 3.0 IF OpenQASM 2.0 &£ TMU BN H B 2, 2.0 ZFEAL TRRREh =T
045 Ald Braket TEITTEE T, L., Braket ' H7R— K93 OpenQASM 3.0 D #aE
Ik, qreg & creg. BE, BXODITHKEVqubitAHY) EIbit, BEBIICEE
WAHY, ChSBRELVWEBXTHR—RNENBBEN HVET,

Local Simulator T® OpenQASM 0 5 E BN HR— K

(&, Braket ® QPU £ER@E AV FIYVRIZAL—F—O—FHELTREBES N TVEVSER
OpenQASM #gELocalSimulatorZHR—RNLTVWET, U TOBEBED ) ARNIE, TOHOHYR—
REhTWERJLocalSimulator,

. T—NEHF

« OpenQASM #H &iA & T — ~
« VSTV IOER

« DIV IOARL—3Y
s NARLT—b

- U3y orsO-

« QASM 774

s BTN —F>

EEEBBEDHIICOVTIE, COHYVTIL/ —KT v #5BLTLEEL, OpenQASM DL
BAKICOWTIE, OpenQASM VT 7H A4 K~ Z28BL TS EE L,

THR—RENTWBARL— 3> &30% OpenPulse
HR—KN&EHh TS OpenPulse F—ZX &
Cal 7Ov ¥ :

cal {

}

F7AIRNTOYV D
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// 1 qubit
defcal x $0 {

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

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

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

JL—A:

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

DI—TT7F—LA

// 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};

AAZRLT—RFYDTL—232 06 :

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

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

bit[2] ro;

my_x $0;

my_cz $1,%0;

c[@] = measure $0;

ERAVARD B -

bit[2] ro;

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

OpenQASM 3.0 EF R AV DOBIZERL TEFETS

Amazon Braket Python SDK, Boto3., &7:l& ZfMA L T. OpenQASM 3.0 EF XA Y Z Amazon
Braket /N1 A AWS CLI [CIEETEE T,

cOtEVIAVORE:

« OpenQASM 3.0 7’095 LD Pl

« Python SDK ZfEH L T OpenQASM 3.0 EF R AV Z/ER T B
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« Boto3 Z AL T OpenQASM 3.0 EF R AV EERT S
« ZEHL T OpenQASM 3.0 X A9 AWS CLI ZERK T S

OpenQASM 3.0 7709 Z LD Bl

OpenQASM 3.0 R RV ZEK TR Ik, ROBPICRIRSIC, GHZ REZER/T D> T Ik
OpenQASM 3.0 7’04 5 A (ghz.qasm) H SHBRTE XY,

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

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

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

C = measure q;

Python SDK Z L T OpenQASM 3.0 EF XAV &RIER TS

Amazon Braket Python SDK ZfEA L T, XOO—RTZ N7 077 L% Amazon Braket /Y1 A
ICEETEERT,

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")
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my_task = device.run(
program,
s3_location,
shots=100,

Boto3 ZfEH L T OpenQASM 3.0 EF XAV KT S

RDOBIZRTKSIZ, AWS Python SDK for Braket (Boto3) Z L T OpenQASM 3.0 X F 5 % fF
AULTEFRRVEER TR CEETEETET, KOOI—RAIRY MNME, LRBOKSIZ GHZ RE%E
#{%9 3 ghz.qgasm 2B L TVWE T,

import boto3
import json

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"

iy

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

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

ZfEHAL T OpenQASM 3.0 R A9 AWS CLI ZER T 3

ROBIZRTESIZ, AWS Command Line Interface (CLI) 2B L T OpenQASM 3.0 77OJ 5 A
BEEFETBHDEETEET,

aws braket create-quantum-task \
--region "us-west-1" \
--device-arn "arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3" \
--shots 100 \
--output-s3-bucket "amazon-braket-my-bucket" \
--output-s3-key-prefix "opengasm-tasks" \
--action '{
"braketSchemaHeader": {
"name": "braket.ir.opengasm.program",
"version": "1"
b
"source": $(cat ghz.gasm)

} 1

275 % Braket 7/Y14 AT® OpenQASM D HR—~

OpenQASM 3.0 ZHR—K L TWBF/NA ADF{E. action”7 1 —JL RiF. Rigettidd & T lonQ
TFINAADRDBICTRTLSIZ, GetDeviceL ARV AL KRBDFLWTF U232 &EHR—MLE
9,

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

REFHEE HR—NTDT/NA ADFE, pulse” 1 —JL RN GetDevicelL ARV AICKRRENE
T ROFIE, Rigettids KT OQC 7/N1 ADpulsec D7 1 —)LRZERLTVET,

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

"supportedQhpTemplateWaveforms": {
"constant": {

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

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

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

"supportedFunctions": {
"shift_phase": {

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

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

I

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

}

]
},
},

"frames": {
"q0_qgl_cphase_frame": {
"frameId": "q@_qgl_cphase_frame",
"portId": "qo_ff",
"frequency": 462475694.24460185,
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"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

}
}
}
// 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

.

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

},

{
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"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",
"dt": 5e-10,
"qubitMappings": [
0
]
},
},

"supportedFunctions": {
"new_frame": {

"functionName": "new_frame",
"arguments": [
"name": "port",

Iltypell: Ilportll’
"optional": false

I
{
"name": "frequency",
"type": "float",
"optional": false
},
{
"name": "phase",
"type": "float",
"optional": true
}
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]
.
.
"frames": {
"q@_drive": {
"frameId": "q@_drive",
"portId": "channel_1",
"frequency": 5500000000,
"centerFrequency": 5500000000,
"phase": 0,
"qubitMappings": [
0
]
},
},

"supportsLocalPulseElements": false,
"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

AN T7 1 —)LRTE, UTICOVWTEHLLHBALTWVWET,
7 Nl N

BENDR—NOBEESONTAICIMAT, QPU TESENESBFICERE NENER (extern) TN
A ZR—REOVTHBELET, COBBICURREATVETRTOR—RG, 1I—H—FEEL
7=0penQASM 3.07' OV 7 ARNTEHEMBRERAFELTEMICETSENTVET, R—K0EMZO
NTAERDEBY T,
« 7R— I ID (portld)

« OpenQASM 3.0 THEAIFELTEEENER—KB,
« J3M (KB )
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« R—hOFME. RZATR—KE, O (FE "txa ) ZEFL. BER—BNE Ok (5@
"rx1 ) ZZELET,
« R—KNZ A7 (portType )
« COR—RABETETITIVORAT (RIAT, T TF ¥, fi-fastflux BE ) o
. dt (dt)
c BEENLER-—KND1 2O TINKEAATY 7Z2RIVELOKRE.
- EFEY NY Y EZ Y (qubitMappings)
- BEEhER—NIBEEFTShEEFEY N,
o AR (centerFrequencies )
c R—NEDIXRTOEMEEZFA7/L—LFERI—HY—EET7L—LICEETZFLARED
AR, BFHICOVWTR, "T7L—4L1 22RLTLEEL,
« QHP EE® 7'O/NF 1 (ghp SpecificProperties )
- QHP ICEBOR—NZEITBBRFO7ONT 1 Z3FRTHAF723a >0V 7,

L—~4:

QPU TESENEBRIICERENEATB 7L —LE, TOTJ7L—AICEETZ7O0/NT4ICD2WV
THPELET, COBBICVARENATVEZIXNTO 7L —AK, I——H»HEEL 7=0penQASM
3.0700 S LNTEMEBRERINFELTERICESENTVET, JL—L0EBMZ7ONT 1 IEXRD
EHBYTT,

« 7L —A4 ID (frameld)
- OpenQASM 3.0 THBIFELTETE 7L —LAR,
« 7R— N ID (portld)
e 7L—AICBEERFSNEN—RDITR—K,
- BHE (HE)
« 7L—LDOFT7 A NOHHEE,
« FONEEER (centerFrequency )

« 7L—LORARBTEHEOR L, BE., 7L—LARPOLARBOEY) ORBEOTIEHIEC O KRR
TEET, TOR/R, HEFABIPOEARBOMENESTAICEERZIMBEN BV ET, TiHIE
DiEE, BIENTA—XTHEITEEXT,

« 71—X(71—X)
« 7L—LDOFT7AILNOMEBT I —-X,

£75% Braket 7/\14 AT® OpenQASM D HKR— K~ 109



Amazon Braket MEEHAR

- BEAEY — b (associatedGate)
s BEENET7L—AICBEERFShES—K,
- EFEY NI Y EZ2 Y (qubitMappings)
s BEEhLET7L—LCHERNTShIZEFEY K,
- QHP BB ®7'O/NF 4 (ghp SpecificProperties )
- QHP ICEBO 7L —AICET2BEO7ONT 1 OF#MERTA S>30 Y 7,

SupportsDynamic/7 L — A :

OpenPulse newframe B8 Z ML T7 L —L% calf ik defcal 7OV U TESTER N ESH
ZERBRLET, chHh false DFE., 7L —LABEICVARNENTWVWRZTIL—L0OAETOTS LR
THERATEET,

SupportedFunctions:

SENDOpenPulseBAEKICBIET 2 5|8, 5IBZA 7. BRUORYVERATIZMAT, FNAATYH
R—RENTLVBERICOVTEHBELET, OpenPulse BB D FERAHFIZ DWTIE, 4 OpenPulse
ZZRLUTLKEETY, BRI T, Braket A TZHR—KNLTVET,
« shift_phase
« 7L—L0OT7I—XZEEEEIELFTNLET,
» set_phase
+ JL—L0T7I-XEEEShIEBEICRELET.
« shift_frequency
« 7JL—LDHEEEEEENIETI7IMLET,
+ set_frequency
« 7JL—LOBEEZEEEThILEICKRELET.
* play
s BEZ2AT21-)3%
 capture_vO

s FYTFYIL—LDEZEY NLDAZRIZIRT

SupportedQhpTemplateWaveforms:
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FNAATHERATREZSIEESTANOREREHK, BLUOBEETZEHERATICOVTHHALET,
F7 4 )L NTIE, Braket Pulse T XTOTF/NA ATEHBEZAOEFRI—F2RHEHLET,

EH
Constant(t, T,iq) = iq

TREFEORE T, iqREMEBIETI,

def constant(length, iq)

HOARE
Gaussianli 1o A | ZabF - )

Sy 1o (3 (58)) - ZaBem (<127

TRRFEORE., o kHVAFEDIRE., ARIKIETY, Zak Z2 ICRRET D ETrue, AV TEF7
Yy hEh, BKEORBRERTRICEOLZELLSKBRLSICBAT—UYJEh, ARKEICEL
x9,

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

HOARZEZRZYT
DRAG Gaussianlt 1.0 0 A | 7aF (0

ey (- 85) oo (<3 (52)) - Zemvem (-3 (5)7)]

TRREFEORE, ckAVITOOME. BREBNZX—%, ARIRIETT, ZaE Z ICERET S
&True, Adiabatic Gate (DRAG) Gaussian IC k2D HABREN FT7Y heh, BREOBEBEKRTE
CEOICELLEY, RBROBONABRKICETEZIRSICBARAT -V TJEnET, DRAG BN
MICOVWTIE, RD4 bAR—/VY— TUnakly Nonlinear Qubitss @ "Simple Pulses for Elimination of
Packagingages ZZ8BL T<E&Z L\,

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

SupportsLocalPulseElements:
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R—K, 7L—L4L, BEGSEOREBEZZdefcal 7OV I TO—HIICERTEZHESH LR
LET, EN OiFEfalse. EEWR cal 7OV I TERTHHXENHYET,

SupportsNonNativeGatesWithPulses:

FIRXATATS— R NERB 7OV S LEHAADETHERATERZAESHIIOVTHALET, HlX
., RAOICERABFAEFEY NOTF—RKRRAIL—2ERZLBWVWE, Z7OFLAAOHT — KD &S 3E
ZAT 47— NdefcalZ2EFATR LW TEEEA, X1 T 1745 —bnativeGateSetF—n
AN, FINAAOHEEEICH V) FT,

ValidationParameters:
UTZe., MEZOKRIERICOVTHALET,

« BEOBRAT —ILIGEAKRIEE (EESRVOEFHEE )

« BEESIEPLBARED S OBAXARKEEIEEZ Hz B TRT
- BENORPRE/ SR

- WENORARE/RRE

OpenQASM THR—KRENTVBARL =3, R, BRRA7

BFINA AN YR—K T3 OpenQASM 3.0 DEEZTESE T B ICIE, F/N1 ABEEH D
action”7 1 —J)L R® braket.ir.opengasm.program ¥—%ZHBL <&\, HlZXE. Braket
State Vector Simulator THR—RENTVWBARL =23 EHEREZATEZRICRLETSV,

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

1,
"braket.ir.openqasm.program": {
"version": [
"1.0"
1,
"actionType": "braket.ir.opengasm.program",
"supportedOperations": [
"ccnot",
"cnot",
"cphaseshift",
"cphaseshift00",
"cphaseshiftol",
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"cphaseshiftio",
"CSWap",

cy,

cz",
Ilhll’

i,

"iSWap",
Ilpswapll ,
"phaseshift",

rx",

ry,

rz",

Sy

"si ,
"Swap",
o0

’
Do) @

’
"y

’

vi",

X,

xx",

Xy,

Yy,

Yy,

z,

1,
"supportedPragmas": [
"braket_unitary_matrix"
1,
"forbiddenPragmas": [],
"maximumQubitArrays": 1,
"maximumClassicalArrays": 1,
"forbiddenArrayOperations": [
"concatenation",
"negativeIndex",
"range",
"rangeWithStep",
"slicing",
"selection"

]I

zZ

"requiresAllQubitsMeasurement": true,

"supportsPhysicalQubits": false,

"requiresContiguousQubitIndices":
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"disabledQubitRewiringSupported": false,

"supportedResultTypes": [

{

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

1,

X,

Yy,
Ilzll’
Ilhll’

i,
"hermitian"

"minShots": 1,
"maxShots": 100000

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

]I

X,

Y,
"Z",
Ilhll’

i,
"hermitian"

"minShots": 0,
"maxShots": 100000

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

1,

X,

Yy,
Ilzll’
Ilhll’

i,
"hermitian"

"minShots": 0,
"maxShots": 100000

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

.

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

}

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

}

]
}
},

OpenQASM 30 T/ A X221l —hkT%

OpenQASM3 T/ A AXZ2>X1L—hT3ICR., 77Xt EFEAL T/ A XEEFZEML
9, flAE, BIRO GHZ 7O LD /A ADZVWVN—232 7221 L—MTBICEK, RO
OpenQASM 7OJ S LZEETEE T,

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

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

h q[e];

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

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

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

C = measure (q,

BR—KRERTVWBRIXRTOTZIN /A XEEFOHEKERDIVARNIRLET,

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

#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
<qubit>
#pragma
#pragma

braket
braket
braket
braket
braket
braket
braket

braket
braket

noise
noise
noise
noise
noise
noise
noise

noise
noise

<qubit>[, <qubit>]

16 for

V7 OAREETF

2

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

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

phase_damping(<float in [0,1]>) <qubit>
kraus([[<complex m@_00>, 1, ...], [[<complex mi_@0>, 1, ...]1, ...)
// maximum of 2 qubits and maximum of 4 matrices for 1 qubit,

Kraus BMEFZERTDICIE, THOUANZRYELREL, TIORERZEMENELTHY

LEXY,

Kraus SBEFZ2FERAT2HE. XORISEFELTSEETL,

« DqubitslE 2 ZBADERTERRBA, AF—NOREDERICL 2T, COFHRAREE L

£ I

* SIBRVANDREE 8B DRBUTHILEN BN ET, 2TV, 22 75O KA THERE NBPLEN D

WERY,

« AEER 2PN LEEBIBEVESICLET, DFV. 12 4 DT Hlqubit. 2 121 16
D17 % T 9 qubits,

c BRENBINTOVNY Y IR, ELBMNL—ZR% (CPTP) TF.
. Kraus SBETE NSYRRD Y MESOME. ID FHICAHTBAEN B ET,

Qubit OpenQASM 3.0 ZERA LB/ YU T

Amazon Braket (&, RigettiZ/\ 4 A® OpenQASM KDY EqubitRiEZZHAR—ML TVET GFFEMIC
D2VTR, CcOR—TESBLTIKEEVN ), TA—TBIA YU JHE qubitsTYE ZFEAT
256, qubitsBIRLU EFNA RAICEHEEATVBR 2B LET, FEE. KD 1) (Zqubit
L>RARZFERTHEE. PARTIALEBD A V)2 JEEERIgettiT /N4 ATF 7 )L NTERICKE

WERT,

// ghz.gasm

Qubit OpenQASM 3.0 Z2fEAL EBIA YU
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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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// Prepare a GHZ state
OPENQASM 3;

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

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

OpenQASM 3.0 ZfEA L =ZFFEW I /N1

Rigetti, . OQCHILT ASEFIAVEI—XTEFERERTIZHEIonQ, IV /NAFEEKZ

ERENLEEBYIC, BEEZMADCEBLKETIBLSICERTERY, COMBEREFENSI
NAI EFENET, Rigetti T/NA AZEATRE, ARLBRI-ZGBEOBIOABZE, REFE

NB2EDZERICEETERT., HROBENHT DA ZRFTIZICEK, KREFEEALV-—T3VAT
FATATT— NeERATRIXEN HYVET, RE. lonQ& FEKLEDOEZENEZI>/N1)L0QC
DHEFR—RNLTVRIH, BRADINTOGTZEEZNERY VATHUXENHYVET,

OpenQASM ZEATHE, N—RIITOB/LARILOANALNIL—FUICE>TEEE LT, &E
ENTWEAVWI—RARY VAOAYICEBNE T ZIXZEETEET, AOI—RHlE, OfFF
BAAZE&ERL TVWET#pragma braket verbatims

OPENQASM 3;
bit[2] c;

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

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

BEABZIANCMILOFERCOVWTR, BENSINAIINOH TN/ —KNT v U 25BLTLKE
=L,
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Braket 122V —)L

OpenQASM 3.0 Z AV XA TE, AmazonBraket IV —I/ILATEBTEET, 1VY—ILT
l&. OpenQASM 3.0 TEFRAVZRELLRRE, REOEFIAVEEFELLEEREFUT
CB

TOMBDOIY—A
OpenQASM Ik, X T® Amazon Braket U— 3> THEATE XY,

Braket T® OpenQASM DERAZHBTZ-HDO /—KRT Y J0HIZ DV TIE., Amazon "Braket
Fa1—KUT) GitHuby ZZRBLTSEEL,

OpenQASM 3.0 ZfEA L = AB DFTE

Amazon Braket l&, #&ZRLAEEZFERAL T, #FNRVZaL—2—E0O0-NIIT =22
L—2—®OMA5 T shots=0 (E#%) E— RTARHDOHEEZYR—NLET, XROBIICRTKDIZ,
BYBE7ZIX%ZBEL T, STEI2 A0 ZILETEET,

OPENQASM 3.0;
input float alpha;

bit[2] b;
qubit[2] g;

h qle];

h q[1];

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

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

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

FIRNTONTGA—ZRZERIC-—BERRIBZADYIC, TF7INallT ZEEITBEETEXRT,
ChiZkY, VDAREATVRIXNTDIinput NZX—RICEIT 2 GBI THEENET, Chik, N
TX—BOBHFEECZVEESIZENTT. COFE. 77IXBEROFAORSIZHEYET,

#pragma braket result adjoint_gradient h(q[@]) @ i(q[1]) all
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B OEEF. 7OVILHEHRB. ALY RSN, BE, IXTOBUAELERRAS THFFR—NE
NTVWETSum. AR OHEICFEHTZEE Fldexpectation(), A7 BT Y7L, A
ENMERATRETFEY N EZIBETBIHENBYVET,

OpenQASM 3.0 2EA L B ENEFE Y NOBIE

O—AILAT—KRIRNLZZIL—EX—EO0—ANBEFTI>IIL—2—EF, EBROEFEY ~
N7ty NEBETZES0penQASM7' O S LDEEZHR—RNLET, ChiFZ<NHEE, ¥
PRHEEFENET, HZE. XOI—RTRE, 28FEY NAKEERL., BINODEFEY ROk
EAETEET,

partial_measure_gasm = """
OPENQASM 3.0;

bit[1] b;

qubit[2] q;

h qlo];

cnot q[@], q[l1];

b[@] = measure q[0];

EFEY NE2Dq[o]HY)ETqLL]IN, CCTRHEITDIOREFEY N0 DATIbLO] =
measure q[0]. RIC. A—AIRERI RN ZIL—X—TUTZRITLET,

from braket.devices import LocalSimulator

local_sim = LocalSimulator()

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

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

FINA AN B BEZHFR—RNLTWVWRAES KK, 7o>a>r7ONT140
requiresAllQubitsMeasurement” 41 — )L RZFAXND L THEBTEE T, NDiFSFalse, B
PRENFYR—RNEIhETET,

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

C < T, requiresAllQubitsMeasurementld T3, CchlkFalse, INTOHOEFEY MZBE
ITRIMVENfBEVCEERERLET,
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QuEra® Aquila ZEALTT7FOJ 7O 5 L%FEETS
COR—=I T, DAquilaY> > OHEEICE T2 EBREMNERFIX M EERMELETQuUER, = C
THBAITBZFHMEROEBY)TT, 1) TOZAL—PFENENTXA—Z{LENENIIILNZT

Aquila, 2) AHS 7O S ANSX—AR, 3)AHS ERI T, 4) AquilaiBe/SS X —R, Ctrl+F
THFANGREZFEAL T, EBICHAETI/NIXA—FZREIDCEZHHOLET,

NIILMZ

NDAquilaYZ ik, RO (BFEEKEFE) NIRRT &2XAT147ICQuEra> X 1L —KNLET,

N N _"'. 1
H(t} — Z;le Hdrive._k (t) + Ekzl H]OCB.I detuning, k (t) B EE Exl Iﬁ-dﬂ. N

@ Note
O—ANF1-—Z2T0NOT IV LAREEBRNSHETH Y, Braket Direct ZBUTUIITA
MCR>TRIATERT,

CDOFE. RDLSICBYNET,

o Haivex®=( 12" ®° S i+ 1o 002V S 4 1) + (=giobald®N & )
Tt . REKEHNTIO—/NI)LREEIRIE (Rabi BAKE) & (rad /s) BN TRLEEDT
9,

Tty BRBKEFEOISO-—NILT7I—XT, ZZF7TAEEIET,

c S ESE. EFKDAEC TSIV LEEEFTTT (R—RA =|L#|gh, | 1#=|#, S _=|g##r],
S +=(S - ) T=|rttg))o

* gobalA(t) FREEKEFENTIO-—NILBRETT
e ng k&, F’EF k ® Rydberg IRENDHFEEE T T (HI: n=|riHr|)o
* H ocal detuning k(t) =-local(t)h Nk
* ocal TN . O—AILEEHS 7 NOBBKERET, (rad/s) DENTT,
« h YA MRERHET, T4 X232 L AOHKIER 0.0~1.0TT,
* Vygwi=C 6/(d k1) *nn 1.
« Cglk. (rad/s)* (m)"6 M ENLD van der Waals T,
s d . RFKEITOBOI—0YUY REEBT, X—KNILEBEUTAEEIET,
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-experimental-capabilities.html
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1—4—. Braket AHS 7OYSARF—TENLTHUTONSA—REHBTEET,

« 2-d RFEE (BRF KO x BEFE y BE, um B ), ZhlF. k. 1=1, 2, ..N TRFERB dy,
DRTZHELET,

Tty . BEEKEFEOSI O—/V)L Rabi AKRE. (rad/s) BE{u

Tty . BEKEOIO-NILT7I—X, (rad) B

* global ' J (1), BEEMKE. JO—/VLFAE, (rad/s) Bl

* ocal T4 () O=AILF1-—ZIOREZTDOEEKEFE (JO—/N) R, (rad/s) DEfHL
he A—ALFABROKRKEZ O () 4 MKERE, 0.0~1.0DF 1 X3V L A#

(® Note

dA—%—F. BHRIBLARIL(S. S_. n BEEFHNBEEE N TLS) .. Rydberg-Rydberg #f
EERRBOERE (C) 24T d > TEFEE Ag

Braket AHS 7’09 5 L AF—<

braket.ir.ahs.program_v1.Program #7219 N (4l )

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

Braket AHS 7’OJ Z LAAF—X 121
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time_series=TimeSeries(
values=[Decimal('0'), Decimal('15700000.0'),
Decimal('15700000.0'), Decimal('Q')],
times=[Decimal('Q'), Decimal('Q®.000001'), Decimal('Q.000002'),
Decimal('0.000003')]
),
pattern='uniform'
),
phase=PhysicalField(
time_series=TimeSeries(
values=[Decimal('®'), Decimal('Q')],
times=[Decimal('Q'), Decimal('0.000001')]
),
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('®.000001'), Decimal('Q.000002'),
Decimal('0.000003')]

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

)
)
]
)
)
JSON (#1 )
{

Braket AHS 7’OJ Z LAAF—X 122



Amazon Braket MERENAR

"braketSchemaHeader": {

"name": "braket.ir.ahs.program",
"version": "1"
I
"setup": {
"ahs_register": {
"sites": [
[QE-7, QE-7],
[@E-7, 4E-6],
[4E-6, QE-7],
1,
"filling": [1, 1, 1]
}
I

"hamiltonian": {
"drivingFields": [

{
"amplitude": {
"time_series": {
"values": [0.0, 15700000.0, 15700000.0, 0.0],
"times": [QE-9, 0.000001000, 0.000002000, ©.000003000]
.
"pattern": "uniform"
.
"phase": {
"time_series": {
"values": [@QE-7, QE-7],
"times": [QE-9, 0.000001000]
},
"pattern": "uniform"
},
"detuning": {
"time_series": {
"values": [-54000000.0, 54000000.0]7,
"times": [QE-9, 0.000001000]
.
"pattern": "uniform"
}
}
1,
"localDetuning": [
{

"magnitude": {
"time_series": {
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"values": [0.0, 25000000.0, 25000000.0, 0.0],
"times": [@QE-9, 0.000001000, 0.000002000, ©.000003000]

},
"pattern": [0.8, 1.0, 0.9]
}
}
]
}
}
XAL>2T714—=)LR

7O L7 4—=)LR type B

setup.ahs_register.sites List[List[10 EZK]] E>tEY NRF
ERNSYVTSTB2
RTTEZED) AN

setup.ahs_register.filling List[int] N =
SEBID 7 NL%z
1. ZOH1 Kz 0
TN—YJL&FT

hamiltonian.drivingFields [].amplitude.time_series. i List[10 #£%) EITHRIE O BB R

mes 1 > . Omega(t)

hamiltonian.drivingFields [].amplitude.time_series.va  List[10 %) ETIRIEOIE, Om

lues ega(t)

hamiltonian.drivingFields [J.amplitude.pattern str ETRIEOZE/N
X—>, Omega(
t)o rtg_J T&%’
BENFHVET

hamiltonian.drivingFields [].phase.time_series.times List[10 #E%k) EFT7I—ADE
K. phi(t)

hamiltonian.drivingFields [].phase.time_series.values  List[10 %) EFTT7I—AD

&, phi(t)
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FTOYSLT74—)LK

hamiltonian.drivingFields [].phase.pattern

hamiltonian.drivingFields [].detuning.time_series.tim
es

hamiltonian.drivingFields [].detuning.time_series.val
ues

hamiltonian.drivingFields [].detuning.pattern

hamiltonian.localDetuning [].magnitude.time_series.i
mes

hamiltonian.localDetuning [].magnitude.time_
series.values

hamiltonian.localDetuning [].magnitude.pattern

type

str

List[10 #2k)

List[10 #%k)

str

List[10 #2k)

List[10 #%k)

List[10 #%%)

S

ET7I—ADZE
B/NZ—2, phi(
t)e "¥9—, THD
BENBHYET

ERREOR
K. Delta_global(t)

EEZRHEDE. De
lta_global(t)

BEgEFi-—_2
JOZEENR—
~ ., Delta_globa
I(t)e "9—1 TH
PUENDBYEXRT

O—AI)LREIY
ZF1—ROEH
KERBORER
1> ., Delta_lo
cal(t)

Delta_local(t) @
A—HIILRAEIYY
—F1—ROKH
WIFRBDE

A—AIILFAEBDK
EZTDY A MK
R h_k (B
setup.ahs_register
sites DY A N IZx
IWLET)

Braket AHS 7’OJ Z LAAF—X
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XZF—=2714—=)L R

7097 L7 14—)LR type B

braket.SchemaHeadername str AF—YN DA, braket.ir.ahs.progr
am) THAHVENfHVYEXRT

braket SchemaHeader.version str AF—NYD/)N—>3a>

Braket AHS F AVHERA+X—V

braket.tasks.analog_hamiltonian_simulation_quantum_task_result .AnalogHamiltonianSimulationQuantumTa:

(B1)

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

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

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

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

)
]
)
JSON (fil )
{
"braketSchemaHeader": {
"name": "braket.task_result.analog_hamiltonian_simulation_task_result",
"version": "1"

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

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

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

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

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

"braketSchemaHeader": {

"name": "braket.task_result.quera_metadata",
"version": "1"
},
"numSuccessfulShots": 100
}
}
}
XA T714=)LR
RAVHERT7 1 —J)LR type B
measurements[].shotResult.preSequence List]int] AV MO —T 2 AEAE
EYN(TRIVvIOHAL R EL
12): U4 "NFZEDHEEF 0,
ARV EVDEBEEF 1, BEF
L ERITT D —EDARD A
EENET,
measurements[].shotResult.postSequence  List[int] Z2AYRNODI—T U ABRAE

EY N [RF Rydberg JREEF 7=
FHA NFZEOFBEE 0, RFHN
WHRENEEEF 1. EFHLE
ERITTH2EOMOZERICAEE
nEX9,

XZTF—=2T714—=)L R

RAVERT 1 —ILR type i EA

braket.SchemaHeadername str AF—NDHE
Bl. 'braket.ta
sk_result
.analog_h
amiltonia
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RREHA R

RAOERT7 1 —I)L R

braket SchemaHeader.version

taskMetadata.braketSchemaHeadername

taskMetadata.braketSchemaHeaderversi
on

taskMetadata.id

taskMetadata.shots

taskMetadata.shots.deviceld

type

str

str

str

str

B

str

S

n_simulat
ion_task_result

AF—I D
N—oay

AF—XDH
Bl. Mbraket.ta
sk_result
task_met
adatay TH
BENFHVE
9,

AF—ND
AED.

BYRAID
ID, AWS &
FRRAVDS
B, ChiRE
F2 A7 ARN
T9,

BETRAID
>av hE

BFRAON
RITEnkT
INAAD D,
AWS 7/ A
ADZE, <
niFEF/N14 A
ARN T3,

Braket AHS R A VR AF*—Y
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RAVHERT7 1 —J)LR type B

taskMetadata.shots.createdAt str ERDO R A A
ARE2VT, ¥
= I 1ISO-8601/
RFC3339
XFHER
YYYY-MM-D
DTHH:mm:s
S.8SSZTH
RBENFHVYE
I, 77
N{& None T
9.

taskMetadata.shots.endedAt str EFRAON
BT L ERKZ
DA LAR
7. X
(& 1SO-8601/
RFC3339
XFHER
YYYY-MM-D
DTHH:mm:s
S.8SSZTH
PBEHNHYE
I, 77
NI None T
9.
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RAVHERT7 1 —J)LR type B

taskMetadata.shots.status str ETRAID
AT—8A
(CREATED.
QUEUED, RU
NNING, COM
PLETED, FA
ILED). 77 #
JL k(& None
T9,

taskMetadata.shots.failureReason str EFZAID
KEBOEH,
F7 )~
None T4,

additionalMetadata.action braket.ir.ahs.program_v1.Pr ( Braket AHS
ogram 7’073 A
AF¥—Xt
v>areEs
R

additionalMetadata.action.braketSche str AF—NDHE

maHeaderqueraMetadata.name Bl. 'braket.ta
sk_result
.quera_me
tadata' Tdh
RENHYE
¥

additionalMetadata.action.braketSche str AF—ND
maHeaderqueraMetadata.version N—>3>
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RAVHERT7 1 —J)LR type B

additionalMetadata.action.numSuccess B ST Z I
fulShots WAIEL,

Mo, VU
IAREHQIE
>3y NOW
EtREUTHS
PBENHY)E
-

measurements[].shotMetadata.shotStatus % ~av DA
T—RA (K
Ih, #H K
Ih, KB,
"RZhy TH
PYRENHY)
3

QuEra N4 A7 ONT 1 AF¥—X
braket.device_schema.quera.quera_device_capabilities_v1.QueraDeviceCapabilities (i )

QueraDeviceCapabilities(
service=DeviceServiceProperties(
braketSchemaHeader=BraketSchemaHeadex(
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)
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),

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

),

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

),

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

),

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

15
shotsRange=(1, 1000),

deviceCost=DeviceCost(
price=0.01,
unit="'shot'
),
deviceDocumentation=
DeviceDocumentation(
imageUrl="https://
a.b.cdn.console.awsstatic.com/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5c5¢c878/
abcfcbfca26cflc2elc6.png’,
summary="'Analog quantum processor based on neutral atom arrays',
externalDocumentationUrl="https://www.quera.com/aquila’
),
devicelLocation='Boston, USA',
updatedAt=datetime.datetime(2024, 1, 22, 12, 0O,
tzinfo=datetime.timezone.utc),
getTaskPollIntervalMillis=None
),
action={
<DeviceActionType.AHS: 'braket.ir.ahs.program'>: DeviceActionProperties(
version=['1'],
actionType=<DeviceActionType.AHS: 'braket.ir.ahs.program'>
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iy

deviceParameters={},
braketSchemaHeader=BraketSchemaHeader(

name="'braket.device_schema.quera.quera_device_capabilities’',

version="1"

)I

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 ()
{
"service":

{

"braketSchemaHeader": {

"name": "braket.device_schema.device_service_properties"”,

"version": "1"
b
"executionWindows": [
{
"executionDay": "Monday",
"windowStartHour": "01:00:00",
"windowEndHour": "23:59:59"
b
{
"executionDay": "Tuesday",
"windowStartHour": "00:00:00",
"windowEndHour": "12:00:00"
},
{
"executionDay": "Wednesday",
"windowStartHour": "00:00:00",
"windowEndHour": "12:00:00"
b
{

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

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

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

1,

"devicelocation": "Boston, USA",

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

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

iy

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

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

},

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

"JSON" page
}
}
H—EXAZONT14 74— R
H—ER7’ONTA4 714 —J)LR type B
service.executionWindows [].executionDay ExecutionDay ERTI14 2 RUOBH,
A, . "¥H.,. A

Xt THEH) . TAHE
Hy. TkEEBR., . T/AKBE
Hy. "®£BEHR,. "L1BE
H,. £/ "HER, T
HEIVENBYVET

service.executionWindows [].windowStartHour ~ datetime.time RT41 2 RIFAKBE N
SEZO UTC 24 BB

service.executionWindows [].windowEndHour datetime.time RTIVA 2 RINFKRTTD
RZID UTC 24 BREFER

service.qpu_capabilities.service.shotsRange Tuplelint, int] TINAADERN> 3 Y MK
EJRATIAY MK

service.gpu_capabilities.service.deviceCost.p 70—k KRIVBEMOT/INA A

rice ics

service.qpu_capabilities.service.deviceCost.unit  str

BEnHEREN, B
o . THREL .
ravk,., "T2R7,
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XZF—=2714—=)L R

XZF=2714—=)LR

action[].version

action[].actionType

service.braket.SchemaHeadername

service.braket.SchemaHeaderversion

service.deviceDocumentation.imageUrl

service.deviceDocumentation.summary

service.deviceDocumentation.externalDocumentationUrl

service.devicelocation

service.updatedAt

type

str

ActionType

str

str

str

str

str

str

datetime

SHI:I

BH

AHS 7OJZ LA
F—IYXON—=23a>
AHS 7OJ 5 AR
F—N %, braket.
ir.ahs.programi T&

PRENBYVXRT
7\=\"—70)% Eﬁo '

braket.device_sche
ma.device_service_
properties' Tdh % S E
FHWERT

AF—ION—T 3
>

FINAADA X —D
@ URL

TINA ADHEIZEH
B

ABRFIXZ B
URL

TINA AD b E Y {7
=

TINA A7 ANT 4

AJRBICEHMENL
K%
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Boto3 ZfEH T %

Boto3 (& AWS SDK for Python T, Boto3 ZfEHA 3% &, Python RO Y /N—I& Amazon
Braket &M ZERK., REAWS DY —E A, BEETEET, Boto3 &, A7 TV NEED &
APlAmazonBraket NDRL ARILT IV AZRELET,

MBoto3 74 Y OAZ—KHA R, DERICH>T, Boto3 Z4 2 AR—ILLUTRET D HEZHER
LTLEEWL,

Boto3 l&. AmazonBraket Python SDK & E#9 2 7 e %124, EFRAIVNDRELRTEX
BLET, Python DB FRIFEFEIC Boto3 ZA4 VARN—ILTBIRENHYVET., ChAATEEED
5TT, BMOAILN—XYVY REFEHATSHEE, Braket SDK Amazon £ 1 VA RN—ILTEIHE
FHYET,

FlzlE, ZFHOHTECreateQuantumTask, AmazonBraket SDK (& Boto3 ICV) Y T AN &ZRE(E
L. Braket SDK |& ZFFU'H L £9 AWS AP,

OIS ICOREA:

« Amazon Braket Boto3 754 7> N Z2HBMIZTS

« Boto3 & Amazon Braket SDK ® AWS CLI Z’O7 7 A )N &2ERET

Amazon Braket Boto3 754 7> N ZE2EBMICT

Amazon Braket T Boto3 Z {92 (Clk. Boto3 4 > 7R— K L., Braket Amazon N\ M IE#IZ{E
B930S AT7NEEETHIHXEN BV ETAPL, XOHITIE, Boto3 V547> NOERIFE T
Fbraket,

(® Note

NDHEWN—2 3> EQTMNEBRMD = % (C BraketSchemas, OpenQASM & #
l&GetDeviceAPIFUH LA SERENE T, cOBHEZRBIBICEK, 1—F—TI—
DI NEBFH/IN— 3> D BraketSchemas (1.8.0 LARg) ZIRRITDMEHNf HV) F

9, Braket SDK I nZ BB ICHRE L £9, Braket SDK O EMAEFIC OpenQASM O #E
RHNFGetDeviceL ARV AILKRTRE N VIFEE, AWS_EXECUTION_ENVIRIRZ# & 5%
ELTA—HY—TI—SIVRNZRETIHENf HHDEENHYET, . Boto3. Go. Java
AWS CLI, JavaScript/SDK l[CX L T nZ1TS5 HFEIC DOV TR, GetDevice " 7
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OpenQASM DIERT T —2REEV, REYVICEHETNATVWA I—REZSBEBLTLE
& W\, TypeScript SDKs

import boto3
import botocore

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

braket 75477 NI ENS, AmazonBraket U —EAASUSOTARNEZTWV, LAKRVA
BUWEBTEET, JITANELARADTF—ZOFMIIOVWTE, APIUT 7L AZCEBLE
= L\,

ROBIE, TFINAAEBRFRAVDBREREZRLTVERT,
s TNAAZRELET,

s TNARAZWETS

s BFRARAVEERTS

- BYRAVZHBID

c BYRAVORBRE

« BEFRADF Y I

TINARAERRLET,

* search_devices(**kwargs)

BEEIhE7AINEZ—ZERLTTFNARAZRRLET,

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

TINARAEHWIFT S

* get_device(deviceArn)

Amazon Braket TEATAIRER T /NI AZEEBLET,

# Pass the device ARN when sending the request and capture the repsonse
response = braket.get_device(deviceArn='arn:aws:braket:::device/quantum-simulator/
amazon/sv1l')

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

BYRAVZERTS

« create_quantum_task(**kwargs)

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

"target": 0}, {"type": "cnot", "control": @, "target": 13}]1}°',
# Specify the SV1 Device ARN

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

# Specify 2 qubits for the Bell pair

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

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

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

'outputS3KeyPrefix': 'boto-examples',

# Specify number of shots for the quantum task
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'shots': 100
# Send the request and capture the response
response = braket.create_quantum_task(**kwargs)

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

BYRAVEZMBEIS

* get_quantum_task(quantumTaskArn)

BEEChEZEFRAVEZERSELET,

# 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'])

BYRAVDBRE

» search_quantum_tasks(**kwargs)

BEENLET7AINE—EIL-—BIZETFRAVERRELET,

# 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']}")
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BfRAVODFY )

* cancel_quantum_task(quantumTaskAzrn)

BEENLEEFRAVEZF Y EILET,

# 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']}")

Boto3 & Amazon Braket SDK ® AWS CLI Z7O7 7AW %R ET S

Amazon Braket SDK &, BARHIICEELZWRY ., F7# )L kDO AWS CLI FREHEHRICHKFEL T
To YEX— R AmazonBraket /—RT7 YU T 2ETTHEZER, FIFILMNOEXRICTRL*%
BEOLET, /J— RN TV IA ARV AZRETIERZEODIAMO-IILZEETIHENHD
EHTY,

FA7723>T, d—R%ZO—HJ) (Amazon EC2 1 VARV AR E) TRITTZHE. BEfFE AWS
CLIZO77AI)NEHBIATEET, 72N MOTO7 74N ZEHNICLEEZETHOTREL, &
TOA77ANICELZHEREY NEEX2ENTEET,

CDEDVZIAVTR, COKSK CLI ZRET B HEprofiles, TOZ'O7 7 1)L %Z Amazon
Braket IC#EAIAT HZZEREICHAL, TOTAT7AIUASOT IV EAFATAPIRDHL 21TV
£9,

COEIVIIAVOAREA:

« ATY 7 1. O—H)l Z5&ET S AWS CLlprofile

« ATV 2:Boto3 Y AVAT DIV NERITD

« AT Y7 3:Boto3 2¥ 3 % Braket [C#H kAT AwsSession

ATY7 1:O—A) Z5%ETS AWS CLIprofile

A—Y—OERFEET7AILRNAOTOT7AIINORERFEICODVTR, CORFIXYNOE
BEATT, ChSOREY IJOFRAICOVWTE, UTZSRLTSEZL,

- IAM OERARR
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- ZEHTS AWS CLI 286D DOFRE AWS IAM Identity Center

Amazon Braket Z 35 IC1F. CO1—Y—, BLVEETS CLI profilelZ 4 E s Braket 7 ¥
CAFAZNETEIHBEN HYET, HlZF. AmazonBraketFullAccess RS —&F XY FTER
9,

ATFY 7 2:Boto3 Y IUATD IV NERENLT D
Boto3 Y avAT/IONEEYTAHICE., XOO—REEFEALET,

from boto3 import Session

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

(® Note

FHRENBAPIRTH LU ([CprofileF 72N =232 e—F LAV =23 R—-A
DHEPRAHDEEE. XOBIZRTESICBoto3 Y a>n)—a > a#BETEEXT,

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

ELTEEE NS B Tregion, . B Eus-east-1, AmazonBraket AWS J—2 3> A"FIFH A&
BOVWTNAICHISTDEICEE R us-west-1F T,

AT Y 7 3:Boto3 7Y 3> % Braket |Z# & IA T AwsSession

X DFIE, Boto3 Braket £y > 3> Z#HLL, ZOEYZIVTTFNAARZA VARV AT S
FEZRLTVWET,

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'
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device = AwsDevice(sim_arn, aws_session=aws_session)

CORENRETLES, A VAZVALENAwsDevice A TP IV NCEFRAVRRETES
9 (BRI, device.run(..) ANV RZHVET ). TOFNA AL >TITLIALITNTO
APIRTFH U, HEIIC ELTEELE CLI 707 74 ILICEER TS hiz IAM RREEEHRZEA T
Z X Iprofile,
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Amazon Braket T®Pulse %4

CDEYU> 3> Tk, Amazon Braket D& £& X4 QPUs T OREBI&IEHEFERA TS HEICDOVWTEH
BALEY,

COEIaI>ORR:
» Braket Pulse

« ZL—btR—hoO—)

e Hello Pulse

s WILAZERALERATATS—MOTIER

Braket Pulse

Pulse . EFOVE1—XANOEFEY NZFlHITHT7FOTESTY. Amazon Braket D4 E

DTNAATIE. O RBFEEECTIOELALT, RBZEFEAL TEBEEEETEET, Braket

SDK. OpenQASM 3.0 ZfEf 95 . Braket APIs ZFEH L TE#E., H»5S ORBHEEICTIVEAT
EFET, £9., Braket COMBHEAMOEELHEZ VS ONBNALET,

[7L—A4]

7L—A, EF7O0SLAOIVAQYVETI—AOEBEL TH#ETEHY T NI ITHRILT
T, 7OV IKEEG., FRAECE. BLTARBTERENDAT—N7ILFYTIVTESIEICESD
TNET, EFEYNCETZEEITRIEE, JL—LREFEYNOFYUTERK, 71 —XF
7Y N, BREBEIARO—THAHEHIENDEBEREL LT, Braket Pulse Tlk, 7L—4AD
BREETNAA, BEHR. 7I—XICK2TELEVET, FNAARAICRBUT, ERIEEEhLETL—
LZBRTBZD, R—RFEEBELTHLVWIL—ALAZASA AR ALTEET,

from braket.pulse import Frame
device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3")
drive_frame = device.frames["q@_xrf_frame"]

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

R—KE, EFEY M EHEHBIZAEN/N—RIITIAVER—FXVRNZERTVYTIRITITHRILT

o N—RIOITRVEA=H, A—F—HFBRELTEFEY N EBEETEZI (-7 I/ A%z REH
TRIDICRIUEET, R—KF, ARV ZOEANZRTE-—OXFIICL > TREBFITSNET,
DNFIE, BREZENLETHI<KERTEIN ZEEITAIRNFEZEIELHALET,

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

VI—TT7#—LA

&, HAR—RNTESERLEY, ADR—BPENLTESZF Y TFYLIEY TR LEHICER
TEDRBREIARO—TTY, BEMBBEOVARNZBLUT, FLERET7L—NZ2EAL
TN=RIIT77ONA X —HISVANEERTDET, REZEEREETEFT,

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

Braket Pulse l&. —EDEKF., HIAKK., BXREXALTNT 1Y I —NI&LB P KBE (DRAG)
BREECREOEES A TSV ERHBLET., ROBICRTELSIC, sampleBBHEFERL TEF
T—REMBLT, RO I—7%2HEBETEERT,

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

0.02 -

0.00 A

0.0 0.2 0.4 0.6 0.8 1.0
Time (s) le—7

FoE®KEFE., PSERENEHVAEFEEZRL TWE I GaussianWaveform, 100 ns, 18 25 ns,
Rig 0.1 ((EZEDEM) D120 120D 100nsD 12D 120120120120 12MD 12D 1
2ND120 120120120 D2ND120 120 DO 120 DN KR, FEDV 1> RUODHR
ICEREENET, F7—I)L5I% zero_at_edges (LD ZaE) GaussianWaveformZZ [t AN E
T, ICRRET D ETrue, CO5IHIF t=0 BKV t=length ORA > "M EOKLBD RS ICHVAK
FaFA7tEY MU, &XEN amplitudes|BICKHISTEDRSICTDOIREBEZBAT—UILET,

CCETT, "IRELNILT IV EAOESH ) 2FBLELE, RIC, Y—hEeRRZEFEAL THE
REBEIZDHEEHALET,

7L—L&R—boO-)

OtV aDVTR, BEFNAATEATERBNERENLTIL—LER-—RMNIODVWTHALR
T, o, BED /L —ALATHRABEENDBICERTIDIANZAALALC DV TEHEICHALET,

Rigetti

[Frames] (7 L —4)

Rigetti /N1 Alk, BETZIEFEY NTHAMICET D RS ICARKE 7 T—XH
FryUJL—NEhEBRERELEZT7L—LZYR—MLET, BBRBEF. q{i}
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[La{j}]_{role}_frameA' {i}HZ#DEFEY b Z{j}EL. FTL—LAN2EFEY NV X
S92 aTIT17TRHBEN02FENOEFEY " ZEEL., F7L—LAL0OO—){role}%
BELET, O-IRBROEBY T,

c rfld. EFEYRNDO0~1 EBZRH TS 7L —ALTT, Pulse &, LLHIIC setB KU shifthd
BEBUTRAENLEARBE 7 I—XAO—BNEESELTEBENET., ESOREAKTFNL
FiglE, 7L —ATBEEThBDEFICI>TREVET, 7L—L4LR., BE—EFEY NOXBEA
AR2023a>%7S50LET, FHICOVWTRE., "Krantzetal.y KU "Rahamim et al. |
ZSRLTLSEEL,

e If_F12 & ICBfFTEHEY), TONFA—RF 1~20BTZX—TYRNILTVWET,

e TOo_IX Ik, BEThEHTEERKRENLTEFEY NODEHEGEAIY ZERIILHICHERAE
nNET, HABYYBEFOEE, 7I—X, BRENTX—20E2BZEY NEEFIICFYITL—
2aVENTVET, BE. 7L —LRBBFUNADS| Bcapture_voZXEELEWV ZN L THE
AEh&xEd,

c ro_txlk, VDYR—ZR—NSEFTEEEITHDLEHNDENTT, BEFAENTLVEREA,

cczlEk, 2EFEY bz —RNEZBWMICTDEDICF YU ITL—RNEhETL—ATT, ff R—
NIBEENTSNTWARIXNTOTIL—LEFKRIC, RAN—& ORTOFI—-ZVJAELE
FEYRNEZEREIDCET, J73VIRTFAVENLEIVRINA VRT3 zEBMIC
LET, IVEVINIXDZAXLOFHMICOVWTIE, "Reagoretal.; . "Caldwelletal.y , &&
' "Didieretal.; Z2RBLTLEZ,

- cphase &, 2EFE Y bcphaseshift¥—KNEBMICTBERSICF vy UTL—hEhkTL—
LT, FFR=RNICUOEATVWET, TRV TIINADZALOFEBICOVTIE, czZ7L—A
DHPZSBL TLEEL,

c xylk, 2BFEYRXYO) S — R EBAMCTRDESICFYUITL—RENETL—LT, ffR—
NZUZOENTWVWET, TRV ITNXAZAXLE XY F—RNDOERFEDFMIIOWVWT
&, czZ7L—ALDFHBE Abrams etal. 2S5 L T IEE L),

fER—NIESKT7L—LNRBETWELSEFEY NOBEEZST7NTDE, EFEY NIEETS
OINTORE /L —LR, REFEHEEST7NOHBICHETIEL TEEEINET, LA
T, MW IR2TI—AV TN EBETIETFEYNOTL—AICEMLT, CONMREMETIHE
FHYNET,

R—hk

Rigetti /N1 Ak, FNA AMEZBU TRETEDR—MDOUANZRELET., R—rERE,
q{i}_{type} FEFEY NES{i}ZZBL. FR—PDORA T {type}Z2ZRITBHRAICHVLE
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T, INTOEFEY NIR—PMORE2BEY RFHZDITRAEVZEICEBLTSEETV, KR—
RDBATRROEHY T,

e rfld, BE—EFEY NBTERBTEIXAN A VEZ—T I RAZRLET, chliF rfEKRT
If_f127L—AICEEMFSNhTVET, EFEY MCBRENICESENATVWS YD, FHAIL
VEETETTEET,

« ro_tx &k, EFEY NMIBENICHEEGENEV—RT7INLYZR—Z—I_EBSZAETIREZR
RELET, iABYESHER. 8BIC8FZIC8\ATZEHENET,

c ro_rxlF, EFEY NMIEEENERABY VI VYR—R—HSESZZEITHRIZRLLE
E

« ff . EFEY MIBMANICHEESENEEER/SY I ARERLET, CheaeFEALT, NFY
AECNHEEERAETEEF T, SEICABUREERSICKRITThEEFEY NOANffR—NE
B5F9, COR—KNEFE, BHETDIRT ATV ODERTHEICENEBEZEN HD D, EFEY
NeEBFEY NOMEERZT7IVT17ICLET,

—FFTOFYOFMICOVWTIE, "Valeryetaly Z5BL T EE L),

OoQC
[Frames] (7 L —AL4)

O0QC FNA A, BETHEFEY NTHREZDLSICARKE 7T —XFF+v UL —>are
NEBRERENETIL—LZYR—RNLET, ChsO7L—LOWmEBERAUNFIRXOESY T,

« BT L—A:q{i}[_q{j}]_{role} 22T, {i} KRANODEFEY "EiZEEL. {jI&E7
L—AN2EBFEY NOMEBEERZT7IT147ILT2HE02BEOEFE Y "M i{role} %1
L. AT THBATEZESICTIL—LOO—I)LZHELET,

« BFEY RGAEY 7L —A:r{i}_{role} 2CT. {i}RFEFEY F#%ZE{role}iEL. FI
TTHBETEIELSICT7TL—L0O—-I)LZHELET,

RETEOO-ILICRE, RDLSICRTIL—LZERAITRIEZ2HBHOLET,

e driveld, EFEY MDD 0~1 BBEERHITAIX A TL—ALAELTEAETSNET, Pulse &, XA
BIC setB LT shiftBEHZBU TREEMIEARBE 7 I —AO—BHBEEFESELTEFEE
£9, EEOREKENGIRERE. 7L—ATBEETNBIREICK > TREY KT, 7L—A4AR,
BE—BFEY NORBBEAAEZS023 2T UET, FHFMICOVTE, Krantzetal. g
BERY "Rahamimetal.; ZZBL T EE L,
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« second_state kdrive7L—AERETITN., TOHEEFE 1~2 DBITTHRIE> THEBE h
£9,

« measure EHEAMYATYT, AR EFEOEE, 7I—X, BRENFX—20ELEEY M
FRERICFYVTIL—23 20 TVET, BE, 7L —LBRFUADS| Bcapture_voE HE
ELBWV EZBUTEAEAET,

« acquire lF, VYR—B—DS8TTFINEFYTFvIBLEHOENTT, BEFHEATVE
A,

e cross_resonance l&, 2—%'Y NEFEY N OBTHEITHHEFEY N 2BEijTH L
T, EFEYNiI & OBEOREZEEHMEERZT 9T 1 7ILET ], LEN 2T, 7L—L4LA
BRIER—T'Y NEFEY NOBEEZFERALTREENE T, HEEARK., COOVOALYFY
S—RIATORBICHEFTEIL—RNTRELET, JORRILIDORATHELD L, BEHN®
EREERLLKBVEENfNRELET, BFERORNSAEVEFEY M ( Tcoaxmonsy ) EORE
HIEHBEERAOFMIZDOWTIE, "Pattersonetal.; 25HBLTLEEL,

- cross_resonance_cancellation (&, REHBMEEERANF7IOT1 b hieEICorOR
BINTICR > TERENDEECMRZNGE T A -ODEEZEMITDDICKILEET., FIH7
L—LRKEHE, SIHEFEY N OBTARBICEREENETi. FYv I FZEZOFMICOVT
([&. TPattersonetal.; ZZRBL TEET,

R—hk

O0QC FNA Ak, FNA ABEEZBLU TRETEDR—PMNDODUANERHLET, IROT7L—A
&, DICK2THEBIENBDR—BNCEERMNITSNET, channel_{N}Z 2T, {N}IIEHTT,
R— K&, Coaxmons I[CEftE T4 (A tx) EFEAY L YFR—2— (HFE rx) Z&lHTS
EODAUVR—TIAATY, FEFEY N NE. 1200 NA-LZA1E1 DOFHIYYLY
Z—Z2—ICEERTONET, EER—HMF, E—EFEYRNBSKIVP2EFEY NEEDA 22—
TJIMATY, FBEAR—HMFE. EFEY NORAKEYWZTVET,

Hello Pulse

TR, PUTNBRINRTZ OIRTEZEBEL., COREBH7OT S LZRigettiT /N1 ATET
FTRHEICODVTHBLET, RIARTR, RIODEFEY NONAN—RT—hE&, FhICHELS
RUNDEFEYNE2FBODEFEY NOBEDcnot7— M TEREND 2EFEY NEIETY, Ik
TIVERVIINREZERTRICE. N—RVITRATEFNART—FTIOF Y ICKETIHE
DAXAN_ALNBETT, IATATAA_XLEZFEAL Tcnot¥— N ZERTD LBV EE
hoe RDYIZ, 27— RNEXATATICBNICITZIBEOERETL—LEFERALET, COHIT
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. B—28FEYRNORATATS— R eERALTNII— RS —REER Lixrz, BRTFE O
kAL Tcz7—hE2RBELET,

£Y., BEBSATSVEAVR—BNLET, Circuit YT AICIMA T, PulseSequence 75 A
BAVIR—RNTIHBEEHVET,

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

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

K2, FINA AD Amazon VY —RAZ—A (ARN) 2B L T, #HL L\ Braket Rigetti Aspen-M-3 5
NAREBA VARV AUULET. FNAADL AT IO RNZERRTSBIZIE. Amazon Braket 120V —
JLDRigetti Aspen-M-3 "FNNA A1 R—D2ZRBL T EE L,

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")

NAI—RT—NERigetiT/NA ADRAT AT — R TREVES, OREEIEDETERT
BIERTERRBA. LIEN2T, x&zRAT AT —MNOI— TR BT IBENH)E
ERD

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(q0, -np.pi/2)

cz—KRTR, FYUTL—2a>BETN—RIDIT77ONAME—IC&2>TERHICESESE QLN
SXA—R (PRI, ML EV/ITYERE, #BEEE) 28CEZ0RFEEFERALET,. CORKER ICEBA
ENFEIqlo_gll3_cz_frame, CTHEATNTVDIEENORFEORH/N—23 I 2WTE,
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RigetiV T 7H A4 h?D "'QCS) ZZRBLTLKEE VY, BEICEL>TEF. QCSTHVY NEERTS

BENFBYET,
a_b_cz_wfm = ArbitraryWaveform([0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

S © © O © © 0 OO OO 0O 0O 0O 0 0 OO0 OO0 OO0 OO0 & |

a_b
dt

a_b
pri

ch

.00017888439538396808, 0.00046751103636033026, ©0.0011372942989106456,
.002577059611929697, ©.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, ©.41114381673553674,
.411813599998087, ©0.4121022266390633, 0.4122174383870584, 0.41226003881132406,
.4122746298554775, ©.4122792591252675, 0.4122806196003006, ©.41228098995582513,
.41228108334474756, 0.4122811051578895, 0.4122811098772742, ©.4122811108230642,
.4122811109986316, 0.41228111102881937, ©0.41228111103362725, 0.4122811110343365,

.41228111103443343, 0.4122811110344457, 0.4122811110344471, 0.41228111103444737,

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

.4122811110344471, 0.4122811110344457, ©0.41228111103443343, 0.4122811110343365,
.41228111103362725, ©0.41228111102881937, 0.4122811109986316, 0.4122811108230642,
.4122811098772742, ©.4122811051578895, 0.41228108334474756, ©.41228098995582513,
.4122806196003006, ©.4122792591252675, 0.

.4122174383870584, 0.4121022266390633, 0.411813599998087, 0.41114381673553674,
.4097040514225176, 0.4068371690898149, 0.

.37821398931544986, 0.3572482512275351, 0.32877440347615655, 0.2929525775131368,
.2512065440720641, ©.20614055551722307, 0.16107456696238268, ©.11932853352131002,
.08350670755829034, ©.05503285980691184, 0.03406712171899729, ©.01976701723583167,
.010731922770068058, 0.005443941944632366, 0.002577059611929697,
.0011372942989106229, ©0.00046751103636033026, ©.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
.01)

4122746298554775, 0.41226003881132406,

40154918826437913, 0.3925140937986155,

_cz_frame = device.frames[f'q{a}_q{b}_cz_frame']
= a_b_cz_frame.port.dt

_cz_wfm_duration = len(a_b_cz_wfm.amplitudes)*dt
nt('CZ pulse duration:', a_b_cz_wfm_duration*1e9, 'ns')

FUTZRLET,

CZ pulse duration: 124 ns
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CNhT, RBEERLVEREZEAL Tz — M ZRBETERY, FHEFEY M |1IREBICH
2GE. czT—hEE—TYREFEYRNOT7I—XTVYTTEREATVWREZRVEHLT
<EEW,

phase_shift_a=1.1733407221086924
phase_shift_b=6.269846678712192

a_rf_frame = device.frames[f'q{a}_xrf_frame']
b_rf_frame = device.frames[f'q{b}_rf_frame']

frames = [a_xf_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_xrf_frame, a_b_cz_wfm_duration)
.shift_phase(a_xrf_frame, phase_shift_a)
.delay(b_xrf_frame, a_b_cz_wfm_duration)
.shift_phase(b_xrf_frame, phase_shift_b)
.barrier(frames)

a_b_cz_wfmBEHEF, 8ERT7SYIARAR—NCEENFHFSNETL—ATBEEIhET, TOKRE
k. BFEY NARBES7RNLTEFEY NEBFEY NOMERRET VT A 7LTHET

o FHMAICOVWTR., "TJL—AER—rDO—) 2SBLTLKEESVY, ARBHNENLTSICO

NT, EFEYRTL—ALR, TOEEHEBFEINDIE—BEFEY M FfIL—LEREBRBL—KNT

O—7—>320L&T., BFEOTJL—LRBTF7I—XEhET, ChSOTIT—AT 7 NFEHIIC

Ramsey>—4 2V ATHEBENTHY) ., 2Tk phase_shift_aB KV phase_shift_b (£HiH)
ZBUT/N\—RIO—REhEBHRELTRERBEENET, rf 7L —Ashift_phaseDIERZFEAL

T, COFT7I—007BELELE, CO—T AR, EFEY NIBEETBIXYTL—L4LN
B<ab, NSOV L—ATRETDITI—ADTRERBELEVEYD, FAEND7OJFAT

DHBETDEIFELTLKEEY, chik, JL—ALrfE cz7L—LDHhZFERAITZNDE—
DORIIART 7O LNDHEETT, HMICOVWTIEE., Caldwelletal.; Z5BL TS EEL,

CCETT, RIRTE ODIRBEERT D ERNIBEVEL 1=,

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

)
print(bell_circuit_pulse)

T :] © | 1 | 2 | 3 4| 5 | 6 | 7 | 8

q5 : -Rz(3.14)-RX(1.57)-RZ(1.57)-RX(=1.57) PG == === m oo oo oo o oo oo oo

q6 : -Rz(3.14)-Rx(1.57)-Rz(1.57)-Rx(-1.57)-LG-R2(3.14)-Rx(1.57)-Rz(1.57)-Rx(-1.57)-

T :] © | 1 | 2 | 3 4| 5 | 6 | 7 | 8
CORIART %ZRigettiT/NA ATHRITLEL &S, COO—RTOVIERTIDERENRETS
CECEBLTILKEZY, ChsOOANOFEMIZ DOV T, Amazon Braket DRI &, R—T %S

BLTLKEEW, PEN a3y haFEALTEREETARNL, 3y FNEEBYXIRIICT/NA ATE
TTEDCLEZBRETH L EZHEBHLET,

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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% fE£F L %= Hello Pulse OpenPulse

OpenPulse &, —MHNBEFT/NAADIELRILOHHZIEETD-ONDEETH
V). OpenQASM 3.0 £ M —EBT T, Amazon Braket (EOpenPulse, OpenQASM 3.0 KRB ZEHL
EFEETOVSZJ0 2HR—NLTVET,

Braket &, XA T4 7T B CMERRIBDL-ONEBEZBHPEKRFOpenPulsee LT Z2FAL K
Fo @, defcal (TF+UTL—Y 3> 0EH, O SFORXTHBFrUIL—T 3 0B
tiOpenPulseZ HR—KhLTVWET, chSOEFTZHEATIE, TULRILOHEIERNTT —b
BEOREEEETERT,

COBITIE, OpenQASM 3.0 ZFEAL TXRIINERZBEL ., BARBFAZAREENS VAT Z2FH

L TF/V1 AOpenPulseZBEL £T, NILEKEF, RUDEFEY NRONAIY—RT—KE, Th
CHE<S 2DODEFEY MEOCcnot S — M TEREND 2EFEY NERTHD 2B VHL TL

EEV, cnot — NEEERZBRICK2>TNDHcz7—NEEBB LD, CCTRADYIZNAI—R
Ecz—hEFERL TIRIRTZEERZBLET, FNA AN ZOTFEVANL—>3 2Dz — %

ERTALYERB S LEZRMTZLEHTT,

FY, FNAAOFRAT AT — R 2EALTN\EIY—RTF— R EERBLET,

client = boto3.client('braket', region_name='us-west-1")
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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;

CZT—hTE., BEICBNERENLENTXA—F (IRiE. L LY/ TV EE., #GEEE) 285 0F
BEORFEEFEALET, CORFE CEBRAENEIqLOo_qll3_cz_frames

cal {
waveform ql@0_qll3_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, ©.09812230691191462,
0.16403303942241076, ©0.24221990600377236, ©.32040677258513395, 0.38631750509563006,
0.43315542513203, ©0.4612131109596859, 0.4753811409710734, 0.4814117075406603,
0.48357533596440727, ©0.48422961871818093, 0.4843963766398558, 0.4844321964728096,
0.4844386806183817, 0.4844396697373718, 0.48443979687791755, 0.48443981064783953,
0.48443981190433844, 0.4844398120009317, ©.48443981200718716, 0.4844398120075284,
0.48443981200754405, 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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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, ©.48443981200754405, ©.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,
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0.0512843868755143, 0.023226701047858084, ©.009058671036471328, 0.0030281044668842563,
0.0008644760431374626, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0};

}
defcal cz $10, $113 {
barrier ql@0_xrf_frame, qll3_xf_frame, ql0_qgll3_cz_frame;
play(gql@_qll3_cz_frame, ql@_qll3_cz_wfm);
delay[124ns] ql@_xf_frame;
shift_phase(ql@o_xf_frame, 1.1733407221086924);
delay[124ns] qll3_xf_frame;
shift_phase(qll3_xf_frame, 6.269846678712192);
barrier ql@0_xrf_frame, qll3_xf_frame, ql0_qgll3_cz_frame;

qlo_ql13_cz_wfm REOHREIE 124 4> 7L T, &R/DEBEEDdtIE 1ns THS =, 124 ns (C
XIELET,

ql0_qll13_cz_wfmEFilE, RISV IAR—NINA RENLETL—ALATEBEEINET, T
N&EEIF, EFEY NABRKES7NULTEFEY NEEFEY NOMEERZTIVT174T 3
CETT, FMICOVWTR., "JL—ALER—b0O—)L, ZBRLTLKEEZV, HEHNEILTS
ICO2hT, EFEYRNTIL—ALR, BEEIBVIRFOE—ETFEY hMf7L—ALHBLTEL
3L—hTO—7—>32LFET, BEOTIL—ALARTF7I—XAEhFET, COFT7I—00E,
Fr)7L—2ar B TRamsey —T VATHEL., rf8&KT xy7 L —Ashift_phase®ig
NCHETEERT, FMICOVWTIEK, "Caldwelletal.y 5B L T &V,

T, WKODPDONAIN—REcnotT— M ZFEAL Tz — R Z2DBUEXRIARTEEZREITT
EBDLSICKRYFELLE,

bit[2] c;

h $10;

h $113;

cz $10, $113;

h $113;

c[@0] = measure $10;
c[1] measure $113;

FATATDT—NEMDELIEDEEZFEAL TEBEE MR EREOTL% OpenQASM 3.0 RE
FRDEHKYTT,

// bell_pair_with_pulse.qgasm
OPENQASM 3.0;
cal {
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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, ©.4612131109596859, 0.4753811409710734, 0.4814117075406603,
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, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
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0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, @.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, @.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.48443981200754405, 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, ©.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@_xrf_frame, qll3_xrf_frame, ql0_qgll3_cz_frame;
play(ql@_qll13_cz_frame, ql@_qll3_cz_wfm);
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delay[124ns] ql@_xf_frame;

shift_phase(ql@_xf_frame, 1.1733407221086924);
delay[124ns] qll3_xf_frame;

shift_phase(qll3_xf_frame, 6.269846678712192);

barrier ql@0_xrf_frame, qll3_xf_frame, ql0_qgll3_cz_frame;

}

bit[2] c;

h $10;

h $113;

cz $10, $113;

h $113;

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

Braket SDK Zf#RA L T, XO1— RZHFEHAL TRigettiT /N1 ATZ M OpenQASM 3.0 70T 5 A%
RITTEDEDICHYEL

# 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.zrun(
program,
s3_location,
shots=100,
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NINWAZERALERATATT—MOTOEA

ZLNIBE. MEER. BED QPU THIR—RENTVBRRAT AT —RD, EOLKSICEES
NBPHDEERICIEBIZIHEN HYWET, Pulse >—4 > ARN—RIOITF77ONAE—ICk>THE
BICHABENATVETHN. ThSIZTIEARATRE, IRERELYBVWS—RNERHFLEY ., BED
T—ROREHEREL T/ A AEOAAELAEDIS—EMOLOO7ORN I EHERZLEYTEET,

Amazon Braket l&, Rigetti 5 DRA T4 T TF—MAODTOATSLILELDTIEAZYR—KNLT
WET,

import math

from braket.aws import AwsDevice

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

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

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

(® Note

N—RIOIT77ONAME—RFEHHIZQPU EXF YU TL—KL., Z<DFEE 1 AIC 2 EE
EF¥)TL—KNLET, Braket SDK 2EF T2 &, BFOTS—RFy UL —>3 >z
BTEXET,

device.refresh_gate_calibrations()

RX® XY 7= E, HEDZRATATT—RERMBITRICE, GateF7PIINEBHNDET
EY RNZEEITZENHYNERT, FIAE. 0 ICEAE N RX(1/2) qubit DARKERZRETEXT,

rx_pi_2_9@ = (Rx(math.pi/2), QubitSet(@))

pulse_sequence_rx_pi_2_q@ = calibrations.pulse_sequences[rx_pi_2_q0]

filter BB EFEAL T, 71N EFVTEnkE®xvy )7L —23>0t8Y NEERTEET, ¥ —
ROVARNEREE OUARNEELEIQubitSet, ROI—RIE, RX(T/2) £E 0 DFTXTHF v 1)
JL—>3arEEE 2qubit 2DEY REERLET,
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rx_calibrations = calibrations.filter(gates=[Rx(math.pi/2)])
g@_calibrations calibrations.filter(qubits=QubitSet([@])

CNT, DARLFYVTL—2328YRNETRYFLT, RATATTF—ROT O3 zRM
RERFEETEERT, PIARE. XROEKREEXTHKRL &5,

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

PulseSequence A7 IV MDF 4 V< 3+ ) &gate_definitions¥—"T— R5|#
ICEJqubit 0CET, DX —RNDARRLAYS—RFY VT L -3 TRITTESE

¥, GateCalibrations #7< I ¥ hpulse_sequences® BHEA ST 10> aFUEERTE
F9, BESNATWEVIXRNTOT—NE, EF/N\—RODI77ONA X —OREF v VT L—>3
VICBEEMASNET,

nb_shots = 50

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

Amazon Braket Hybrid Jobs 1—H%'—7j4 R

COto>3>Tlk, AmazonBraket TN\A 7Y RT3 JTEEYRNTYTLTEETSHEICDOL

<

HALET,

Braket D/\4 71Uy k2372, ATZEALTT7IEATEET,

Amazon Braket Python SDK,
Amazon Braket 122V —)L ,
Amazon Braket API,

COEVIVOREA:

NTVy RZaJTER

Amazon Braket Hybrid Jobs % {# i 9 % B HA

O—A)LIA—RENAT VY RDITELTETITS

Amazon Braket Hybrid Jobs T/\4 7)Y RT3 J%2RTT >
BONAT VY ROITZ2ERTS

AN, HA, REEH. SROCAILN—EH

SAaTRHRORE

FIVIRAV N EEALTNAT VY R I T2 RESLITERE TS
FILAVALARIIVT NOREEERT S

NAN=NFTX—EZDFEH

FIWJdVZAXLAVVTRNERITITBRERDICNAT VY RDITA VAR AZRET D
NATVY R TEFYEILTD

NZARVY AU NAINEERALTNAT VY R a7 28E KT

Amazon Braket PennyLane T Z#H 9%

Amazon Braket Hybrid Jobs & PennylLane ZHAL T QACA ZI VA LEEITTD
NEFAXKTZIL—F—EFERALTNAT VY RO—V0O—RZFH{ TS PennylLane
O—ALE—RTNAT VY RDIaTEBESLITEFNNVITD

MBOITF

AwsSession TTF7 F#I)LNONT Y hERELE T,
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https://console.aws.amazon.com/braket/home
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« EEALTNAT VY RO ITZEHRIETS API

NAT VY RTZaTER

Amazon Braket Hybrid Jobs &, HEZE AWS VY — AL EFNIBEN (QPUs) DEAFZXHEE T
DNATVY REFHATIIDVALZRTITDHEEZRHELET, Hybrid Jobs l&, VI T AR
NSOV ONY—RZAECT Y7L, PILAVAXLZRTL, TETRICAVAR AZBHRT
BEROICEFENTVR D, OFEADZICHLTOKBEN RELET,

Hybrid Jobs l&, HEUY—RAEEFIYV—ANMAZECREBEERTEAZIRETZIIVXALILE
HBTT, PIOVXLABEELTEITTRE, Braket AT —S 7B TFHLENERBETE
TFU, PLOAVALDNRTTHEFRERBLET,

TSI, NMTVYRDIATHSERENEEBFERAVE. Z—TYRNQPUADFI—A VT DE
EENFGVEVSFRANBYNET, ChiZkY, EFRAIFFI—AOMORAIKIY EEXICHNE
BLERTENET, Chik, BROZAINUMOEFRZAVOFERICKETDIRENAIT VYR
FILAVDXAIZEIZARTT, COEDIBTIIVXLOHEL T, EFELUSELTILIVXA
(QAOA), NUI—>avEFEAVIN—, EFTHEREE BENFfHYET, £, FIIVXLD
EBTRAZEZFEFEVTILEALTEZRIITED S, AN, FE, NL—ZUJEXRXHEFE
BEDHAZRLXRNI O AZBHTEET,

Amazon Braket Hybrid Jobs % fi£ F§ 9 % B HA

Amazon Braket Hybrid Jobs Zf#f 3% &, ROV E1I—F1 2T VY—AREEFIEI1—
TAVITFNARZHAEDETSHOEFATLAONT #—X 2 AZ&HEILT S, Variational
Quantum Eigensolver (VQE) X* Quantum Approximate Optimization Algorithm (QAOA) & D /\1 7
)y REFHBETI IV XALZRTTEET, Amazon Braket Hybrid Jobs (Zlk, EIZXD 3 DD F|
RAFBYVET,

1. /N7 #—< > A: Amazon Braket Hybrid Jobs &, 8F&EORENS/NAI T VY R7ITJVX A
ERTIDRVEBNENT ANV AZRHBLET, D3 T0ORTHIC, BRLEX—TY
QPU ICBENICTIVEATEERT, D3TORAIRE, FNAATFI—ICANShEHORA
DEVERICRTENET, ChllKkY), NATVYRTPILDAVALADT D ZA LNELEY),
FRIL X 9<%V ETF, Amazon Braket Hybrid Jobs &, NZX KUY OO NAIINEHR—K
LTVWET, 7JU—NTA—RZFEAL TEEZEEFETE, Braket FEEZ 1 EINAILLE
T, BURRICNSX—2Z2ZTEHIZDLHICBIANAINITIHEN BVED, T84 A
FESILEMEENET,
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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/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
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2. RI{E: Amazon Braket Hybrid Jobs &, AVE1—T 4V IJREOLEY N7y S EBEZBEEI
L. N7 DY RZILDVAXLORTHFERTULKEGFDZENTEET, PIDdVAXLAIIUT
REHEEL, ETIIEFFNARAEBFRLEIZYNELEF>I1L—82—) 2BRITZLEHT
9. Amazon Braket I&, Z—7Y R TFNA AN ERARICKDETHHEL, VT2V IDVY—R
ZAECTY 7L, BERXOIDVTFHFRETI)—IVO—RERERITL, #R%Z Amazon Simple
Storage Service (Amazon S3) IZIRL, A E1—FT 12T VY —RAZHBHLET,

3. X MY O A: Amazon Braket Hybrid Jobs &, E{THRO 7T XAIZEBEIT S on-the-fly 1 >4
A NEREL, DRAEIAATELETILIVZAXLXN) IR ZEEFE T I XA LT Amazon
CloudWatch & & O Amazon Braket AV —J)LIZEEL T, ZIDdVXLOETR R ZEBHTE
BLIICLET,

O—ANLd—RENATIYRDITELTETTS

Amazon Braket Hybrid Jobs &, Amazon EC2 A E1—F7 14 > %)Y —A & Amazon Braket
Quantum Processing Unit (QPU) 7V Az & a8, NA17UY REFIVZIVvOTIOUX
LDTINIZ—D RA=TANL—=23a RBHELET. NATUY RZITTHERENEEFIA
&, BROEFRAVRIVEBEFI—A2TENBDLESH, EFRAIFI—DEHICK2TTI
JdUXLNFHENDEEHY)ELEA, & QPURBERONAT VY RaTx1—a#fEL, —
BILETTEDZINATIUYRDITE12EFEGFTT,

cDtEOVIIAVORAE:

« O—AJL Python I—RASNATVY RaTEERT S

« BMD Python NV T—2JEV—AA—RZA AN —ILTD

s NAMT VY RSITAVARVALT—RERELTO—RTD
c NMT VY RZIATFOAL—BZORARNTSIT1RA

O—AJL Python J—RASNATUY ROaJTwERTS

O—AJL Python 1— R % Amazon Braket Hybrid Job £ U TER{TTEE T, CchZEITDICE. X
NDI—RABICRTXSIC, I—RIZFehybrid_jobAL—X TERENTET. DARXLRET
l&. Amazon Elastic Container Registry (ECR) D A AR AT T % EA TR L ZBIRTEET,

(® Note
T7 2 KT, Python3.10 D& A HR—KRENTVERT,
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F*ehybrid_jobdL—ZZFEAL TEHKISEFRZ/ TR ENTEET, Braket l&. FIL—2K
NOd—R%ZBraket \A 7V Y RZAaTFIIIdVALAT VTN ICEBBRLUET, RIZ, NATUY R
23a7lE AmazonEC2 A VARV ANTIL—2AT BHREFTEHLET. a3 70O#ETRRE.

job.state()&E AWk Braket AV Y —I)LTEZRV I TEET, ROODA—RPFIE. TS5 DORE
N — > ARRETIT S HE%ZRL TVWET State Vector Simulator (SV1) device,

from braket.aws import AwsDevice

from braket.circuits import Circuit, FreeParameter, Observable
from braket.devices import Devices

from braket.jobs.hybrid_job import hybrid_job

from braket.jobs.metrics import log_metric

device_arn = Devices.Amazon.SV1
@hybrid_job(device=device_arn) # choose priority device
def run_hybrid_job(num_tasks=1):
device = AwsDevice(device_arn) # declare AwsDevice within the hybrid job
# create a parametric circuit
circ = Circuit()
circ.rx(@, FreeParameter("theta"))
circ.cnot(Q, 1)
circ.expectation(observable=0bservable.X(), target=0)
theta = 0.0 # initial parameter
for i in range(num_tasks):
task = device.run(circ, shots=100, inputs={"theta": theta}) # input parameters
exp_val = task.result().values[0]
theta += exp_val # modify the parameter (possibly gradient descent)

log_metric(metric_name="exp_val", value=exp_val, iteration_number=i)

return {"final_theta": theta, "final_exp_val": exp_val}

NATVY ROITHEERTZICIE, BED Python BHERLU XS IC BHREFVOHLET, £F
L. FOL—2BEHEE., BROBRTREENATVYRDITNRILEZEBRLET, TTERICER
ZRMETBHICE. ZFEALETjob.result()o

job = run_hybrid_job(num_tasks=1)
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result = job.result()

F*@hybrid_jobdL—ZRDOF/NA ABIEE, NAT7VY ROITHBENICTIELATEZF/INA
AZBELET, COBERFRIZI1IL—ESVI—TT, QPUOEEEZRETHICIE. BHATHE
BEN3FNAAARNAFIAL—ZTHEECNEENDE—BITBLEEBBIZDHEN HYET,
BEELE, ALN—BEHZEFEAL Tget_job_device_arn(), TEEEhiTF/NA1AARNEF ¥
F ¥ TEEJehybrid_job,

® Note

ENAT )Y R3aJTE, Amazon EC2 TAVTHILENLEREEZERL TV 8, BE
BEMDEBELSEE1THYET, LENF 2T, 1 DOEBRXEERO/NY FRE, EEICEL
D—2O0—RKTE, EFRAVEERTSEHTTHLTY,

NAN=NFAX—=5&

run_hybrid_job() BI¥IE 5l num_tasksZFERAL T, ERENEEFRAVOKZHEL E
T, NM7VYy RZaJE, Cha/\AN—\TAXA—XR ELTEHBWICFY7FYLET,

(® Note

NAN=NFX—=&IF, 2500 XFICHIRE NizXFF & LT Braket A2V —JLICRRE N
x9,

XRNDOREOVRR

run_hybrid_job() BE#HAN T, REFZILIIVZXLLASOX KNIV RIG TRBEETIE
Flog_metricse XKRUDT AR, NA7UY RZITRT O Braket AV —IR—TICEBHIC
70Y hENEY, Braket AAM KT Y H— ZFEALT, NAT VY RDATRITHORTRAY
OANZREVTILRALTERTEET, LEOHITE., BEZAT ORVNOBERERLRT D X
NDOORE THER, ZHEALTVET,

EROWME

NATVY RDITHAETLES, job.result()ZFEAHALTINATVY R TO/EREZREL
F9, retun AT—RM X NADIXRNTOFAT DI U NI Braket IC& > THEBWNICF Y S Freh
T, BRICE>TREND AT I IORE, BERENDUTIIAIREBERTILTHIHEN HD
ECFEBELTLKEZW, IR, XOO—RIF, BEHD EXBOFZERLTVET,

O—AJL Python A—RASNA T VY R a T #2ERKTS 168



Amazon Braket MEEHAR

ehybrid_job(device=Devices.Amazon.SV1)
def passing():
np_array = np.random.rand(5)
return np_array # serializable

@hybrid_job(device=Devices.Amazon.SV1l)
def failing():
return MyObject() # not serializable

>ajJH

F7AILRTRE, CONATVY RSITORBEIBEHRED SHAETIhET, FRK50 XFZFNDHAXR
LBZIBETDEETEET, flAlE. XROO—RTEF, 37L& "my-job-names T,

@hybrid_job(device=Devices.Amazon.SV1l, job_name="my-job-name")
def function():
pass

AO—AILE—R

O—AlL2a7@,. 5l &ETlocal=TruedL—RICEMTDEILL>THERENET, Chil
KV, ZYTRNYTBRENO—NILNIAVEI—FTAVIREOATFHIELEAERETNATUY
RZITHRTEhET, O—HLD3TIIE, BFRRAVOBEF1I1—A2TRBNELA. T
F/—RPMPIBEDTERT—ATRE., O—HILD3aTHFYER Braket RIRERIZT YV ATE
BHEENHYET, ROOD—REF., FNARZSVI>IalL—F—EcULTERALTO—AINSAT
Yy R aT#HEBLET,

@hybrid_job(device=Devices.Amazon.SV1l, local=True)
def run_hybrid_job(num_tasks = 1):
return ...

ZTOMONAT VY RDIATAFAT2IaVEFEIRNTHR—NENRTVWES, 7230 UAMNIDV
Tk, braket.jobs.quantum_job_creation module ZZB L T &L,

EMO Python NV T—2 &YV —AD—RZA VAT S

EED Python NV T —2 2 FERATIERSICT UV RALREENAZINAAXTESE

¥, requirements.txt 77 A, NV T—DFBOVAN, EFERMEOID D TTOESAK
(BYOC) DWFhhZEFEHTEERT, requirements.txt 77 ML EFEAL TS24 LREZ N
ARAIAAXTBICE, ROD—RlESBEBLTLSEEZV,
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@hybrid_job(device=Devices.Amazon.SV1l, dependencies="requirements.txt")
def run_hybrid_job(num_tasks = 1):
return ...

BlZIE, requirements.txt 77 AN AV ARN=ILTRMBONY TN EENTVREES
FHYWET,

giskit
pennylane >= 0.31
mitiq == 0.29

Tk, ROKSIENYT—IF% Python JANELTEETSDIEETEET,

@hybrid_job(device=Devices.Amazon.SV1l, dependencies=["qiskit", "pennylane>=0.31",
"mitiq==0.29"])
def run_hybrid_job(num_tasks = 1):
return ...

EMOY—A0—RE, E21-I)OVANELTEETDZELE, AOI—REODISICE—DE
J1-I)ELTHEETRCELEETERT,

@hybrid_job(device=Devices.Amazon.SV1l, include_modules=["my_modulel", "my_module2"])
def run_hybrid_job(num_tasks = 1):
return ...

NATVY RZITAVARVALTF— 22/ ELTO—RTD
ABRL—ZVIF—BDOEE

NAT VY RTaT=#ERTSEZ X, Amazon Simple Storage Service (Amazon S3) /N7 Y K %&
EELT, A ANL—Z200F—RtY hE2lBETEET, O—HI/NAZIEEL T, Braket A
s3://<default_bucket_name>/jobs/<job_name>/<timestamp>/data/<channel_name>
T Amazon S3 ICTF—RZBEMNICTY 7O—RIBEETETET, O—HDINRZEETD &,
FryoRXINBRET7AINRT "TAHL IZHBVET, XOO—RIEE, A—HAILNA HSD numpy 7 7
A4 )I&a&RLTWVWETdata/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")
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return ...

S3 MFAE, get_input_data_dir()ALN—ERZFEFRATIHEN HET,
s3_path = "s3://amazon-braket-us-west-1-961591465522/job-data/file.npy"

ehybrid_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")

FrRIEE S3URIs RIEEO—AUNAOT 40> 3aFVERBIZET, BROALT—
2 —AZEETEEXT,

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
ABF—=EZHKEV (>1GB) BE., D3 THERENZDETOFREBEBNIRSEYET,
Nk, O—HDINAATF—ZHFAFAICSINTY MY TO—RENEEEIC, S3/NAN
SATUOTANIEMEND EHTT, FEIC, 237 VIIT AN Braket H—E RIZi%
FEhzxd,

SINDHERORE

BHE NBEHRO return AF— KXY MCEENTOVEVREERETZICE. TRTOT77A)L
EZAKRARL—23IVICELVWFALIORNUZEMTBRAENHYFTT, XOHIE, numpy ELFI
& matplotlib BN REERLTVET,
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ehybrid_job(device=Devices.Amazon.SV1)
def run_hybrid_job(num_tasks = 1):
result = np.random.rand(5)

# save a numpy array
np.save("result.npy", result)

# save a matplotlib figure
plt.plot(result)
plt.savefig("fig.png")
return ...

ITRTOFERIEF. EVWSBEOT7AIICEMENETEImodel .tar.gz. #ERIE. Python ¥ %
AL T, £k Braket job.result() XXX RAVY=ILONAT VY RZIAaTR=DHh5
BRE7AINFCBELTAIO—RTEET,

FIVIRAY NOREEEBR

REERTENBZ/NAT VY RDaT0HE, ZIJdVXAOHEREZEHHICRT
THLEBHOLET, fHAkiAdsave_job_checkpoint(OANILN—BEEHEFERATS

A'. AMZN_BRAKET_JOB_RESULTS DIRNARIC77AIIN A RETEET, BEEGF. ALN—BH T
FRATEEJget_job_results_dir()o

UTE. NA7Uy R2a7FOL—22EALTF IV IRSA VN eREBLVFO—RTZL-HD
RPROEEHTY,

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.arn

@hybrid_job(device=None, wait_until_complete=True, copy_checkpoints_from_job=job_arn)
def continued_function():

load_job_checkpoint(job_name)

continued_job = continued_function()
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BAIONAT VY RZ3aT Tk, save_job_checkpoint()EBRETZF—RE2ELT 10> 3
FTUTHUOHENET, T7FILRTRE, IXNTOEZTFANELTOUTIMLTZDHRENS
VET, numpy BIARE, &VEME Python #7PIVRNEFIVIRANTRICEE, %
BRETE £ Jdata_format = Persisted]obDataFormat.PICKLED V4, < ®— Rk,
Ccheckpointsy EWSH T 72 IADNAT )Y RP3aJTF—F7 47 7% KN<jobname>.jsonlZF
T7AZNRNBEEI>FIVIRARNTTAIILERERLTLEEZELERT,

FIVIRARDSHEITITIHLVWNSAT VY RS TEERTZICE. oo aoNMdT
1)w R<> 37 ARN copy_checkpoints_from_job=job_arnjob_arnT® % ZEBIHEN HV) F
¥, RIZload_job_checkpoint(job_name), ZFEALTFIVIRAIMNASA—RLET,

NATVY RZATFAL—BORARNTZIT 4R
FRBUERATS

FAL—RT7 /57—23a>TERENENATUY RO T IR THY), GHUY—-REEF
DY —ZANFATEICED EERTENET, PIDAVALOETRREREEZZV T TBICE,
Braket Management Console& 7= l& Amazon Z A L &9 CloudWatch, 7O XALAZEITL Tk
95L&, Braket BRI —Z 7BV THELENERETTILIVALAZRITL, PIdVUXA
FETIDERREIRELET,

RENBNII->32FILIVXLERITTS

NATVY RTaTR, RENEEFHRTIIVALEZERTIZDEOOY ) 2RBEHLET, %
BEFEEOGEE, EFZAV FLEREEFRAT ONYVF Z#FEALET. HFED QPUs \DOE

KT UEARF., QPUAOKREFUTHL Z2EHREXBEL TH2ETEHIORVNVI—->3a>7ILTY

AL QPUs ICREBARTT,

O—AILE—REFEALETFNY ST

QPU TN\AT7 VY RDATHEETITDHIIC, £FTI2L—KF—SVI T ZE2TLT, HiFESY
ICEFTENTVBR L EBRATHELEAEDBEBOLET, MRELZTARNTRE., O—HILE—RT %
ETLT, ARBREEFNYITETSENTEET,

Bring your own container (BYOC) IC& 2 BRM OO L

AT FHEENEREATY 7N IITEZOHREFEREZNTIMEL T, BRARERBREERL
£F9., INTOI—R, KEFER. BrOREZAVTHIEINYT—2LTB T, BENEHE
N=2a VT OBEEER<SIENTERT,
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RVFAARABHZI1L—2—

ZHOERERITIDICIE, HAEAAKDO MPI HR—KZ2FHALT, E—O/NA17 VY RZITRHD
BROAAZVATO—NIILIZIAL—B2—%ETIB2LE2RFLTLKEZTV, HMAICOVWT
F., MMBEHIA&TI1L—2—) Z8RBLTLEE,

NZARNUY VOREERTS

NTUYRDITHASREETBNSANYY JEBKE, NFARNIY IV NALEFERALTHE
@ QPUs THEBHNICI>/SMLen, PLAIURLOSY R LHFEELET, 222

EHNICFIVIRANTS

REBRTEhINATUY RD3TOHE. PLIIVALOTEREZEHNICREITDCLED
EBOLET,

FTOMDOE, I—ART—AR, RANTSIF 14 A2V Tk, Amazon Braket ® 4 GitHub, Z#38
LTLEETW,

Amazon Braket Hybrid Jobs T/\41 7Y RT3 J2RTTS

Amazon Braket Hybrid Jobs T/\A 7 U Y R 3T ERTITRICEK., ETTITAVALZERT D&
EANHV) ET, Amazon Braket Python SDK £k ZFEAL T, ZIDAVXLRIVTNE, 7
AVTHOKRFERRTI 7ML ERRTEETERTE £FPennylane, D (F—7>2V—AF
FRIBED)SAT7ZVEFERATZIHEEE. chsODTA4 7351 %ZEE Docker Z2EHA L TIHE DA
ABLADAVTFAA—DZEERETEETRT, HFMICOVWTRK, "Bp01T7+H%EFS (BYOC)) &5
BLTLSEZL,

WIFhnBEE., RIZ Amazon Braket ZFERALT/NA T U Y RT3 T=2ERLET, < ZTAPIE,
FILAVDZXLAROV T NERGIVTFHFEEEL, N\AT7VY RZATHFERATEIEX—TY NETT
NAAZBIRL, SETFELBAT VA VREHNSBIRLET, chos0A T arRETRMHEEINDS
F7AILNMERK, BEAEDTI—ART—ATHELET, 2—TYRNFNAANNAT Uy RD3T
EETITBICE, QPU, AV FIVRIZTAL—F— (. DM1, ZETNT) SV, ErEERD/NA
TVYRDITA VARV ABEOVWTNAZRBIRTEES, AUFIYURIIIL—F—FEE

QPU RT3 E, NA7VYy R2a7JAVFTFEVE—RMTFNAARICAPI O—=ILZETVET, #
HRIARTZAL—R—%FERATIE, PZ1L—F—RBGT7INDdVXLAARAOVZNERUOYTFHICE
HIAENET, OFEE 1L —F—PennylLane IZI&, TF7 AL NOBEZRHK/NAT Uy RT37
OAVTFHFEBEHIATFIhTVS S, FATEERT, BHIAK PennyLane I 1L —F—FLR@FHA
BALDZIL—Z2—%ZFALTI—RERTIDEER, VARV AZRATEFERTDA ARy
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ADHEIEETEE T, BBIRFKICEETSIANIDVTIE, Amazon Braket DEIER—T &S
BLTLEEZL,

Amazon

Ca CloudWatch [ Amazons3

........... =t Amazon Braket
i 38 QPU

1
_ [ . Amazon Braket
|r f{f’}T On-demand

Amazon Braket Hybrid mm Simulator
Joks AR | Amazon Braket

Jobs Instance TE!:!ET Embedded

f
User :_ """ Simulator
!

Amazon Braket Notebook/
Local IDE

B—=TY NTFNAAN AV TFIV R ZIAL—E—FLREBEOAKST I 1L —2—NFE. Amazon
Braket @/N\NA 7 VY RZITORTEI<SICHBRLET, N1TUYRDITA VAR AZEH
L (APIFOHEULTA VARV ABRAT#HARIIAXTEEY ), PIOVAXLEZRTL, HR%E
Amazon S3 IZEEIAK, VY —RAZHBRLET, COVV—ADVY—-RZERATDE, FALLE
DIERMLTOABRIVVEESZENTEXT,

EFREBEIZYNQPU) HEYORBENATUY ROITOEHBREHREATWVWET, BIE, 1
20 QPU TERITTEZ/NATVYRDITE1EIC12FFTT, F1—&., FAch34REE
BABVKSIC, BEATEDINATVYRDITOBEHBATIEHDICERAEhET, X3—5Y
RFINA AN QPU DFE, NA7 VY RDIJFTEFAIGERLEQPUOD I THFI1—ICAYFE
9. Amazon Braket &, BREBBNAT VY RDATA ARV AZRBEL, F/INAATNATUY
RaJ#R2FTLET, PIDVXLAOHBH, NA7VYRZIJTICEBETIEANHIET,
DFY, DPATEFRRAIVFBAIC1EQPU ICEFEhTVNEFE, NATVYRTZITOEFERA
DRETFNAARATHFI—ICANSNEMOD Braket EF R AV KV EXRICRTENET, NA(TUYR
DATHFRETTRDE, VDIY—ADNBEBRENET, 2FY, FALEDICHLTOABREN REL F
E

(® Note
FINARARI =23 FNUTHY), NATVYRDZITRETZAIVFNAAAWS V=2 3
> ERAU TRITENET,
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BRESA K
2Z1L—R—EQPUAR—TYRNIFUFOMEAT, PIAVAXLD—FHELTNILNZTOD
IRLNF—BEDHAREZLATINAVAXALXNIDRAZEETDAT2AaUNFHYVET,. chsOX b
1) 2 Ald Amazon ([ BEIHY IC e CloudWatch &1, & ZA'S Amazon Braket 1Y —)LICIEEFE
TILEALATRRENET,

® Note

GPUR—ANDA VARV AZERATSHEE. Braket DIBOHAKS II1L —X—
THEAABER GPUR—ADIZI1L—ZF—0VWIThnhrZEAL T LEEW (4
lightning.gpu) o CPUAXR—ADEDHIAH> I 1L —X— (. ., K Ebraket:default-
simulator) ®WFh A &BIRL =B S 1lightning.qubit, GPU AT Y., FEH]
ARNDNRETDAEENI HYET,

BAONAT VY ROIT2EHTS

cDEO>a> TR, Python AU RN EFERALTNAT VY RaTRERTDHEICOVTEHR
BBLET, £k, FEITHHAFERIRE (IDE) ¥ Braket /— K7 Y I EOO—AHJL Python 11—
RASNATVY RDIATEERTDICK., ") 28BLTILKEEVWO—AIILI—RENAT VY R
>aJELTETT S,

cOtEITIVORAR:
s POLAFUAZRETS
- ZEERLTEITTS
- BREEZZVT93

TORAFFAZRET D

BHONAT VY RDITERTIBHIC. CORRVEHRTITDOICTDBT IV EAFAN &5
EEHRRIIDVENBYVET, BUBTILAFAN D ZHRITHICE, Braket AV —)L

NDERIZH D XZ1—7H S[Permissions] (7 7 £ AFFH) Z&IRL £9, Amazon Braket D7 7z A

FUBEER—I TR, BEOO-ILDO12ICNAT VY RDATERTIDOICTDBT I AN

ANBEINESHNZRBITDDICEFTT, T, NATVYRDIATERTIDLEHICHERATES
F7ALNOO-IIFEEZVEERE. TOO-LOERZHARLET,
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Amazon Braket

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks
Algorithm library

Announcements o

Permissions and settings

Amazon Braket » Permissions and settings

Permissions and settings for Amazon Braket

General Execution roles

The 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.

Service-linked role

Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [

‘ @ Service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role ‘|

The AmazonBraketlobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

NATVY RDATEZRTITBOILTDBT IV RATFAEZE ODO-IINHD2BRTHICE. B
FOO—IDORKRIAERRZERLET, FATIE, O—LUFRIODP 22 VS XY E—DHKRTRE
hET, O—ILOEFEEZTOO—)L ARN ZRIRTBICIE, [Show roles] (O—ILZRTT D) RE>

ZBERLET,

TOLAFAZRET S
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Amazon Braket

Dashboard
Devices

Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

Amazon Braket » Permi and settings

Permissions and settings for Amazon Braket

General Execution roles

The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

Service-linked role

Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [

@ 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

NATVY RDIATEZETITDOICT BT IVEAFAZEFE>O-INBVEEE. TOLS>5O—
IR INSBA2EEVS XY E—IHNRRENET, [Create defaultrole] (7 )L ~koO—)L
DER) REVZERL T, T 2o8#ERZFEODO-IILZERELET,

T O AU ZERE
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Amazon Braket X Amazon Braket » Perr 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.]

O—LFEBCERENLBERE. ChEBRBITIAYE—IHFIKRTENET,

Amazon Braket X Amazon Braket > F 1s and settings

Dashboard Permissions and settings for Amazon Braket
Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks 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.

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 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.

@Icreated AmazonBraketJobsExecutionRole [ successfully. ]
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Amazon Braket
COBVEDBETSERNIBVES, TOVRLARERENET, COIFES,. NI AWS EEEICE
wLTLEEL,

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

ZERLTERITIS

NATVVY RDIATEZRFTIBDT IV EAFAZFE ODO-NZMBLES., KITTHDERIEVET,
ZHD Braket N\ 7Y RZ3aToF—HoEk, PILIVAXLARIIUTN TS, £IT$27)LIV
ALZERL, PIDAVALO—HTHAILEERNBRBEEFIAIVNFEEATVET, 7IIUX
LAV TRNIMAT, HOKEBRI 7ML EEETREETEET, PIIVALARIUT K
EXZDHRFRREF, V-RAEZ1-)LEREFRET, IVRNURIVRNE. NATUY RZ3ITOR
BEICY —AED1I-I)ITRTIZDBEHNDO T 7TAINFTLBEEREEREL KT,
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Amazon Braket

bell=Circuit().h{®).cnot(@, 1)

job = AwsQuantumlob.create( task=device.run(bell, shots=188
device=device_arn, sas
source_module=...

Algorithm

Quantum Task

Create job

Track status Entr:;gil;: i run on
Analyze results othar coms quantum device

— =
i —

User

L

i

Braket notebook / Console, Job instance Quantum device
or local IDE

FT. 5 2ORIVREZERL., MISTHRHUERREHNTETIIAVAXLRY YT NOEKRK 5]
BEZATHEL &S,
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!")

T IREGEE =



Amazon Braket BIREHA K
Z M7 7 A )l %Zalgorithm_script.py £ WS B HI T, Braket /— N7 Y O FERO—AILREOEED

ETALIRNJICRELET, algorithm_script.py 7 7 A LICEFBEE IV M) —RA 2~ &
LT start_here() "&FEhET,

XAz, algorithm_script.py 77 A I ERU T4 L2 KUIZ Python 77 4 JLE #=1& Python /— KTV
DEERLET. CORTUTRNENAT DY RDITZFEBL, BUODOHDIAT—RARETELE
ROMRZEDEFRHREBZMBLET, PBLSEE, CORVIUTRNINATVY RZaTRI
TRETZARVTFNAARZEETIHENF HYVET,

® Note
Braket /— K7 v V% ERT D H%E. £(F algorithm_scriptpy 77 AILBEDT 7 AL
#/—KN7YOERUFALIRNVICTYZ7O—RIDFEOFMCOWVWTIE, Amazon
Braket Python SDK Zf L TRV DB ZRITIT D1 £2SBLTLIEEL,

COEFANBERNOT—ATR, 1L —3—%2ZF—TYRNILET, Z—TYRNETBIEFTN
AR, PZ1L—8—, FLEREERBROEFREIZY N (QPU) DRATILALDHST, KOAT
7'NdeviceT THELEFNA AN NAT VY RDAaTORTD 1—)LICEREh, PITUVXA
AVVTRIHREBELZE & U THERTE FIAMZN_BRAKET_DEVICE_ARN,

(® Note

NATVYRSITAWS V=232 O THATEZTFNSA ADKEFRATES

9. Amazon Braket SDK IE @ ZBEHEIRLET AWS U—2 3>, HlZIE, us-east-1
DNA 7Y RZ3aTTklonQ, . SV1, DM1, BV TN1 FNA AR FERATEXT
A, RigettiT*/N\1 ARFERATEXE A,

Y2IL—2—ORDYCEFIVEI-REBRLEHA, Braket G\ TUY kI ITHFIA
TORFRAVEBET VLATRITTHLS ATV I-ALET,

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",
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wait_until_complete=True

NTZX—R wait_until_complete=True I, TRE—REZREL T, D3 THFRTHIZEED
AT HAs0H I EHENITERSICLET, XAOBFORSBHANRTRENET,

job = AwsQuantumJob.create(

)

Devices.Amazon.SV1,
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
wait_until_complete=True,

Initializing Braket Job: arn:aws:braket:us-west-2:<accountid>:job/<UUID>

Completed 36.1 KiB/36.1 KiB (692.1 KiB/s) with 1 file(s) remaining#@15download:

s3://braket-external-assets-preview-us-west-2/HybridJobsAccess/models/

braket-2019-09-01.normal.json to ../../braket/additional_lib/original/
braket-2019-09-01.normal. json
Running Code As Process

Counter({'00': 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

JobAwsQuantum.create XYY RTHARRLXA REZD1—)LEZFERATDICE. TOEM
(A—HALFALIORNVKEFRT7T7Z7AIIANDINA, Fildtargz 774D S3URI) 2ET
CEETEET, EEOHIICDOVWTIE., TAmazon Braket H> 7 )L Github R K1, @

"NA 7))y R23 77 # )X D Parallelize_training for "L.ipynb 77 A4 )1 #88BL T<
ZZ LV, Amazon Braket
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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/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
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BRETZZVT9%

FE, Amazon ASOOTHEAICTIEARTBEEETEET CloudWatche cNZEITSIC
&, 23 70FEAR—2OEROXZ 21— 23O 0N—T27TICBEBL, OJTIL—T %

i#IR L aws/braket/jobs, P23 TEZECOT AN —LZBRLET, LRROHIT, ChiF

braket-job-default-1631915042705/algo-1-1631915190 T9,

CloudWatch X
Favorites >
Dashboards
» Alarms Ao Do ©o
¥ Logs

Log groups

Logs Insights

¥ Metrics

All metrics
Explorer

Streams
» X-Ray traces
» Events
» Application monitoring
P Insights
Settings

Getting Started

‘ CloudWatch

Log groups

Jaws/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 VYV VY VYVYYVYVYVYVYVYYVYYVYVVYVVVY

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:

:01.993-07:
:01.993-07:
.993-07:
.993-07:

101.993-07:
101.993-07:
101.993-07:

:01.993-07:
:01.993-07:
:01.993-07:
:01.993-07:
:01.993-07:
101.993-07:
101.993-07:

.993-07:

.993-07:
.993-07:

.993-07:
.993-07:

00

View as text

Clear 1m  30m 1h  12h  Custom

Message

There are older events to load. Load more.
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_gates.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/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-3f885a942c09911b104eee053328733f34779f a6/ test /unit_tests/braket/circuits/test_noise.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_noise_helpers.py
aws-amazon-braket -sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_noises.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_observable.py

py ging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_observables.py

aws-amazon-braket-sdk-python-staging-3885a942c09911b104eec0d53328733F34779F a6/ test /unit_tests/braket/circuits/test_quantum_operator.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee53328733F34779fab/ test /unit_tests/braket/circuits/test_quantun_operator_helpers.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee0d53328733F34779fa6/test /unit_tests/braket/circuits/test_qubit.py
aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee053328733F34779F a6/ test /unit_tests/braket/circuits/test_qubit_set.py
aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee05332873334779fa6/ test /unit_tests/braket/circuits/test_result_type.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779Fa6/ test /unit_tests/braket/circuits/test_result_types.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733F34779fa6/ test/unit_tests/braket/devices/
aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee0d53328733F34779fa6/ test/unit_tests/braket/devices/test_local_simulator.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779F a6/ test/unit_tests/braket/jobs/
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733F34779f a6/ test/unit_tests/braket/jobs/local/
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee53328733F34779fab/ test/unit_tests/braket/jobs/local/test _local_job.py

NATVY RDIATR-DZERL,

BACRTRIBDEETERY,

@

RE ZBRLT, AVVY—ILTNAT VY RZITORT—
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Amazon Braket x Amazon Braket » Hybrid Jobs > braket-job-default-1693508892180

Dashboard braket-job-default-1693508892180

Devices

Notebooks summary

Hybrid Jobs

Quartum Tasks Status Runtime Hybrid job logs
(© COMPLETED 00:01:21 View in CloudWatch [

Algorithm library
Settings Events Monitor Quantum Tasks Tags

Announcements o

Permissions and settings ) .
Details Event times
Hybrid job name Hybrid job ARN Created at

braket-job-default-1693508892180

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

Status reason

arn:aws:braket:us-west-
2:260818742045:job/braket-job-default-
1693508892180

Execution role

arn:aws:iam::260818742045:role/service-

Aug 31, 2023 19:08 (UTC)

Started at
Aug 31, 2023 19:09 (UTC)

Ended at
Aug 31, 2023 19:10 (UTC)

role/AmazonBraketJobsExecutionRole

Stopping conditions
Source code and instance configuration

Max runtime (seconds)
Entry point Instance type 432000
job_test_script:start_here ml.m5.large

NAT VY RDaTE, RITHIC Amazon SBICT—TA 77 IR ZERLET. 774 KD S3
INTY NAlE amazon-braket-<region>-<accountid> T, 27>V IEjobs/<jobname>/
<timestamp> F4 LI NUICH V) £F, Braket Python SDK T/N\A 7 U Y RT3 JT#EKRT
%bcode_location& ZEILRIN ZIETDET, ChSDT—T14T7 79NN REENS S3 D5
FIERETEET,

(® Note
COSINTYRE, Z3aTRAVIUTNAWS U—232 LEU CERETIHENFHYE
EE

jobs/<jobname>/<timestamp> 74 LU KJIZIE, model.tar.gz 77 A4IIAOI MUKRA
YRAROVVTZRDASOENZECH T 7ANIANFEENTVET, Eh, EVSEFOFAILIN
JscriptiClk, source.tar.gz ZZ7ANICTFTILNIVAXLRD VT NT—FT4T7IORNNFEENT
WET, EBRNDEFRAIDERIE, jobs/<jobname>/tasks EVWSZFHDTFTALIRNVICHY)
S
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A, B, REEH, SRCANILN—BE

TEBTIDAVALARAIVTRNEZBRTD 77A4IIICHAT, \A7Uy RZaJICEEMDOAD
EHNEEDDENTEET, NATVY RTITHFEBRE D E,. AmazonBraket I&/\1 7)Y
REIaTOERO—BELTREEhEADE, PIDVAXLARYV I NE2RITTR I TFHICT
E—LET, NATVYRZATHFETITRE, PIDAVAXALAFRICERENEIXNTOHAN, BE
E Nz Amazon S3 DFMICIE—ENE T,

(® Note
FPLIVXLAXRN)DABVTILEA ATHREEAETIOT, COHDFIECEDBEVTL
ZEW,

Amazon Braket ICld, AT FTOAEIEDORYEY) Z2ERNINLTHDLEOOREZEREAIL/N—BE
EVKDOHAEETNTVET,

Ot 3> Tlk. AmazonBraket Python SDK IZ & 2 TR#tE i AwsQuantumJob.createls
BoxERBZE, AT FTI77AUBENOIYEDTICODVWTHALFT,
COEITIAVOREA:

" A%

- EA

- RIEEH

o« NJLIN—BEEEK

AT

ADF—Z : AATF—RIE. input_datas|BATF1 o> 3aFVELTHRESNIEADLTF—
RITANREBETDET, NMTVY R7ILDVALICRHETEET, 1—H—IF SDK

@ AwsQuantumJob.createB8H A T5linput_dataBiz EELE£9, chiZky), RE
ERICEK > TEEENESAICSD AT T IT7TALNIATAICAALTF =N IE—EhFE
§"AMZN_BRAKET_INPUT_DIR", NA 7 VY R7ZILDVALTOAANT—ROFERAFEZNOVL D
A OFIZDW T, Amazon Braket Hybrid Jobs Z 8/ L 7=z QAOA, & PennyLaneAmazon Braket
Hybrid Jobs Jupyter Notebooks TOEFHMFE  2SRBL T EE L,

AR, HA, BREH. BLEANILN—BEH 186


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/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb

Amazon Braket MEEHAR

(@ Note
ANTF—EZHNKEV G1GB) HBE., N1 T VY RDITHFREEET D ETICRVISHEEFEH
PHAYVERT, chlE, O—ANAITF—ZFFRAICSINTY NMCTY7O—REh, RIC
SINAHFNAT VY RZAaTFTVIIARNCEBNEN, BEICNSATUYRDITUIIAR
» Braket U —E RICEEEhDEHTT,

NAN—=INTA—Z: BVBE-ShyperparametersNBE, RELEHTHEATEE
¥, "AMZN_BRAKET_HP_FILE",

® Note
NAN=NIFX—=REANT—REERL., COBEBRENAT VY RDITRAIVTNIE
FHEDFHMICOVWTRE, "NAN—NFX-Z%ZFEHT2, £U> 3> D github X—
PESRULTLSEEZL,

FIVIRAN FILWNAT VY RDITTHERTBjob-arnFIVIRSAND ZEEETS
[Zl&. copy_checkpoints_from_job AN REZFALET, COIONV RIEF, FI YIRS
RF—=REFHFLWN\ALT )Y RP 3T checkpoint_configs3Uri® IZE—L, 237 NXE
fTAMZN_BRAKET_CHECKPOINT_DIRFICRIBEZRICI D THEECNENATHERATESDLSICLE
T T7FI)IKNE TF, DFWNone, BIONATVY RSITOFIVIRSAMTF—REFFHLLY
NATVYy RaJTcREAEThELA,

H 77

BFRAY BFRAVDERIE S3 DG CRFENEIs3://amazon-braket-<region>-
<accountID>/jobs/<job-name>/tasks,

DATJORR: TIIVZXLRT )T NN REZH "AMZN_BRAKET_JOB_RESULTS_DIR" Ti§
EENETFALINIICREFETDEDEITNT, output_data_config TEEE iz S3 DiE
FRICOE—EhFET, COEZEELTVEVESE. 74 KNT s3://amazon-braket-
<region>-<accountID>/jobs/<job-name>/<timestamp>/data (% V) ¥ T, SDKAJI/N—
BI% save_job_result ZRMHMLTVWET, COBBEFERATI L. PIDVXLRAIVTRAS
HOHEhEEEIERZEZTA 03 FTVOEXTHEICRETEET,
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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

Amazon Braket MEEHAR

FIVIRAUN FIVIRANEFERATZEER. RELZH
"AMZN_BRAKET_CHECKPOINT_DIR" THEENETFALINVICRETEEXT, KDV IZ, SDK
ANLIN—B%K save_job_checkpoint AT HELETEET,

FIWAVZXLXRNI DA NAT VY R 3T OERTHIC Amazon IZH H1 CloudWatch &

fi. AmazonBraket AV —JLICUTFILRA ATRRENDTIAVZXLRI VT NO—EBEL
TCTFILNIAVAXLAXRNVOAZBERZTEET, PIDAVAXLAXRNIVAOERASGEDOHFICOVT
l&. Amazon Braket Hybrid Jobs Z#HAL T QAOA ZI IV A L% ETTD, BSRLTKES
Wo

REALH

Amazon Braket (IClF, AT FTOAHNEBRIDEDR YR ZERENVTRDEOOREBEZEHN/ VL 2D
AEEThTVWET, XOO—RE, Braket f'FHTHRELHZ —EXRXRRLET,

# 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 CreateJob 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 CreateJob
request’s OutputDataConfig

os.environ["AMZN_BRAKET_JOB_RESULTS_S3_PATH"]
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# 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"]

ANILIN—BIER

Amazon Braket IZl&, DAV TFTOAHIEDRYEY) 2RI B LEHOAIILN—BEHHIF VW DD
AEENhTVWET, ChsOAIN—BHEFE., \17VY RS JOETFICEAELZT7IIVAA
ARV NADLSHUOHENET, XOHlE., TOERAAFEZRLTVWET,

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

TATRRBRORE

TFILAVDZXLARDV T NCK > TERENERRERELT, NAT VY RDITRIVUTNONA
TDYRDSIATATZ IO NE Amazon S3 DHE AT # LA (model.tar.gz EWVSBEID tar EfET 7
AN DSHERZFATEDELSIZLET,

i 1 (& Object Notation (JSON) JavaScript XX ZERAL T7 7AILICRETIXEN BV &
To numpy BBFIDIZBEDRSIZ, F—RETFAMCEHEICUTILTEBRVEEGR, E
IINRF—BERZEALTOVTIITED ATV EZETENTEET, FHICOVT
(&, braket.jobs.data_persistence 21— )L SR L T EE L,

NATVY RDATOKRZRETSICE. #ADD TIAX U RENLROTETILIVAXLRI VTS
NMZEML XTI,

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.jobs import save_job_result #ADD

def start_here():
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https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.jobs.data_persistence.html#braket.jobs.data_persistence.save_job_result

Amazon Braket MEEHAR

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)
results.append(task.result().measurement_counts) #ADD

save_job_result({ "measurement_counts": results }) #ADD

RIZ, #ADD TOAX Y h&E N 1T print(job.result()) ZEBMITB LT, D3aTRAIVT KN
NTATDHERERTTEET,

import time
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",

print(job.azrn)

while job.state() not in AwsQuantumJob.TERMINAL_STATES:
print(job.state())
time.sleep(10)

print(job.state())
print(job.result()) #ADD

COFITIE, wait_until_complete=True ZHIBRL TRAREHEZIFILET, FNYTHIC
BEEBMTEET, CONAT VY RDITERTIDE, BETF & AMHAENjob-arn, /\
A7)Y RZIATORENF10BZEICNAT VY ROATOREN ILRDETHEET, TO
#COMPLETED, R EBOBFERNIRRENET, XDOHlZzZRLTEEL,

arn:aws:braket:us-west-2:111122223333:job/braket-job-default-1234567890123
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INITIALIZED
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
COMPLETED
{'measurement_counts': [{'11': 53, '00': 47},..., {'00': 51, '11': 49}]1}

FIVIORAUMNEFEALTNATVY ROATZRESLVER
-3 e

FIVIORAUNEFERALT, NMTVY RDITOHEREEZRFTELT, sIoEI> 3207
LOAVXLRIVTRNOBITIE, #ADD TIAX Y hENLROITZEBMLT, FIVIRAKNT 7
1IN EERLET,

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

for count in range(5):
task = device.run(bell, shots=100)
print(task.result().measurement_counts)

NATVY RDIaTHEITITDE, F74) KN/opt/jobs/checkpoints/NAZEFEDF I Y URA

RFALONVONAT VY RS3ITF—FT 4770 K774 )L <jobname>-checkpoint-1.json

FERENET, COFT7FLIMNAZEELBVRY, NATVY RDITFTRAVIVTNEEEE I
FtA,

BEIONAT VY RZATILE>TERESNEFIVIRARNDASNATIY RS T%
O—R¥2FE, PIDAVAXLAVUTNE Z2FEHALE T from braket.jobs import
load_job_checkpoint, ZIJUXARZVZFNCO—RTZIODVIRFROESY) T,

checkpoint_1 = load_job_checkpoint(
"previous_job_name",
checkpoint_file_suffix="checkpoint-1",

COFIVIRA REO—RULE#E, checkpoint-1 ICO—REhiEOFVICEDSVTO
DY IVEKRITTEERT,

(@ Note
checkpoint_file_suffix &, FI Y RS> NOERBICLEIICEEL EEREHE—HIT I
ENfrHpVUET,

F—TARNL—=232RAVUTRTRE, BIONAT YUY RT3 T job-arn® ZIEEL. #ADD T
AXVRENETZEETIHENHBYET,

job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
copy_checkpoints_from_job="<previous-job-ARN>", #ADD
)
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FPILAVAXLRVTNORBZEERT S

Amazon Braket &, ZIDAUAXLARZUZRNOOAVTFICE>TESZBENE 3 D>OREEZYR—K
LTWET,

s R—=RAOAVTFTFH (HMEEEATVAEVESinage_urildTF7 7))L K)
« Tensorflow & %322 77 PennyLane
« PyTorch 8 KT 28T > 77+ PennylLane

ROKRE, AVTFETNSICETEFNDTAT7FUD

Amazon Braket 1257

FHERLTVWET,

2L PennyLane T TensorFlo PennyLane T PyTorch RVZIITX
w
E-W.N 292282985366.dkr.e 292282985366.dkr.e 292282985366.dkr.ecr.us-
cr.us-east-1.amazo cr.us-west-2.amazo west-2.amazonaws.com/
naws.com/amazon- naws.com/amazon-br amazon-braket-base-jobs:lat
braket-tensorflow-jo aket-pytorch-jobs:latest est
bs:latest
WEZ A + awscli « awscli
770 * numpy * numpy
* pandas * pandas
* ScCipy * SCipy
EmnZ * amazon-braket-defa * amazon-braket-defa * amazon-braket-default-
1731 ult-simulator ult-simulator simulator

* amazon-braket-Penn
yLane-plugin

* amazon-braket-sche

* amazon-braket-Penn
yLane-plugin

* amazon-braket-sche

* amazon-braket-Penn
yLane-plugin

* amazon-braket-schemas

mas mas » amazon-braket-sdk
» amazon-braket-sdk » amazon-braket-sdk « awscli

* ipykernel * ipykernel « boto3

. keras » keras

TFLAVZXLARIVTNOREEZERT S
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24T PennyLane T TensorFlo PennyLane T PyTorch RIZTX
w
* matplotlib + matplotlib * ipykernel
* networkx * networkx + matplotlib
* openbabel * openbabel * networkx
* PennyLane * PennyLane * numpy
* protobuf * protobuf * openbabel
* psi4 > psi4 * pandas
* rsa * rsa * PennyLane

* PennyLane-Lightning- + PennyLane-Lightning- + protobuf

gpu gpu . ps|4
» cuQuantum * cuQuantum . rsa
* scipy

F—=T2YV—=ANIATFEREIE. aws/amazon-braket-containers TRRB R T IELATEET,
A—ART—AL—H$3A07+E2ERLET, AVTFTR. N7 Uy RZaT2HVOHT AWS
)=232 TO ICHBIBENFHYVET. NATVY RZATOERFICIVTFHFAX—DREE
TBHICE, RO3ID2OBIBOVThAZNATIY RZITRAVUT MDcreate(..) HTHELIC
EBULET., Amazon Braket AT FICE A 22— Y NERFHD 1O, R4 LICERL
OAVTFICEMOKEFRERZA VAN —ILTEERY (BHRELETVRALAOIDARN ALY E
T ). RDOFE, us-west-2 V=3 VAT,

o R—AA X—2 image_uri=292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-
base-jobs:1.0-cpu-py39-ubuntu22.04"

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

» PyTorch image_uri=292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-pytorch-
jobs:1.13.1-gpu-py39-cu117-ubuntu20.04"

(&, Braket SDK M Amazon retrieve_image( )BI¥ZEA L THEimage-uris3% & ETE
9, ROBIE, us-west-2 S TFNSZEZRBISDFEZRLTVERT AWS U—2 32,

from braket.jobs.image_uris import retrieve_image, Framework
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image_uri_base = retrieve_image(Framework.BASE, "us-west-2")
image_uri_tf = retrieve_image(Framework.PL_TENSORFLOW, "us-west-2")
image_uri_pytorch = retrieve_image(Framework.PL_PYTORCH, "us-west-2")

NAN=NTFX—=ZDfEH

NATVY RDATHERTIEEIL, FBREERATYTHARAARE, PILIAVAXALICHERZ/NA
N=NTFA—BEEETEET, \NAN—NFXA—REEEE., PIIVAXALOEEETEAEZH
Wz EHIcERAEh, Z2<0HEE, PIIVALONT #—I O AZKBILITZEHICHABTESE
¥, Braket \ 1 7V Y RZITTNAN—NTX—ZZFEHTDICIE. ThSODBEEEET 1Y
JAFVELTHRHICEETAHENBYVET, BREXFINTF—ZFETHIVENfHVET, &E
BEOEY NZRERIDEZEILTANTDNAN=—NTXA—F—EZEBELEFT, \NA1/N=/\TX—
REFATIRVDARATY I, NAN=NFA=REF402aFVELTRELTERTS L
T9, chik, ROOD—RTHEBTEXT,

#defining the number of qubits used

n_qubits = 8

#defining the number of layers used

n_layers = 10

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

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

RIZ, EROO—RAZIRY RTERENENAN-NFA—2ZELT, BRLUELTIDIVXLT
RDESICEYERT,

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
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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
ABTF—BOFMIOVTR, "AD, €923V #ZRLTKEZL,

NAN=NFXA—=BRF, ROODA—REZFEALTNAT VY RZITFTRAIVTNMIO—RENET,

import json
import os

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

hyperparams = json.load(f)

® Note
ADT—ZRTFNAAARN BEDERE/NAT VY RZIATRAOVT NIETHEOFM
IC2VWTIE, 20 github R—2 ZZBLTLEEV,

Amazon Braket Hybrid Jobs %Z £ L 7= QAOA & Amazon Braket Hybrid Jobs PennyLane Amazon
Braket DF 1 — KU T I TEFEBFEEZESLOICERICRIULDAA RV 22BN ET,
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb

Amazon Braket BIREHA K
FPILAVXLARAIVT R ZEZRITIBDRSICNAT VY RZaTA>
ARV AZERET D

FILAVZXLIZE>TR, EHNEBZIHENHYVET, 72 ) MTlE. AmazonBraket (&7 )L
DALARD VU7 h&Eml.m5.1larged VARV ATRITLET, L, XROAR—MEIBERE
SIBEFERALTNATVY RDITEERTIEEIL, COAVAEVABRATEHAZIIAAXTE
9,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"), # Use NVIDIA Tesla
V100 instance with 4 GPUs.

),

BHAATZIIL—2320ZRITLTVT, FNAARETO—HDLFNA AZEELTWSIE
4. instanceCount Z{EEL . Tz 1 DL EIZERRE InstanceConfig $5 2 & T, TEEOA A
ROAZEBMTUIIARNTEERT, LREFES5TY, HIAE, XRDKSIC3 DDAV AR A%ziE
RTEFXRT,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3), #
Use 3 NVIDIA Tesla V100

)I
BROA AR AZERATZBEER. T—2UFIBEEEALTNITVUY RDITE2HHISC

EERILTLKEEV, COBraket Y27 ZRRTBDFEOHMCODVWTRE, RO T I/ —
N7y O=BRLTEZ,

RO 3O0FKE, BE, ADEI—F A VUREL, BEIVEI-—TFAVIA VARV ATHR
HREBA VARV ARA T E/AKRD—ETT,
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® Note

Hybrid Jobs OF 7 # )OO Z Y O EI—FAVITA VARV AV A —RERTT
BICF, COR—DESRLTEEZL,

ARH—RAARA
ml.m5.large (7*7 #JL N)
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

Od2E31—bMRBELA VAR
VA

ml.c4.xlarge
ml.c4.2xlarge
ml.c4.4xlarge

ml.c4.8xlarge

vCPU

16

48

96

16

40

vCPU

16

36

TXE

8 GiB

16 GiB
32 GiB
64 GiB
192 GiB
384 GiB
16 GiB
32 GiB
64 GiB

256 GiB

TXE

7.5 GIB
15 GiB
30 GiB

192 GiB

FILAVAXLARAT VT RNERTITRDESICNAT VY R ITA VARV AZBRETS
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RREHA R

21— bMRBELA VAR
VA

ml.c5.xlarge
ml.c5.2xlarge
ml.c5.4xlarge
ml.c5.9xlarge
ml.c5.18xlarge
ml.c5n.xlarge
ml.c5n.2xlarge
ml.c5d.4xlarge
ml.c5d.9xlarge

ml.c5d.18xlarge

SEIAEI—FT12TAY
A2 A

ml.p2.xlarge
ml.p2.8xlarge
ml.p2.16xlarge
ml.p3.2xlarge
ml.p3.8xlarge
ml.p3.16xlarge

ml.g4dn.xlarge

vCPU

16

36

72

16

36

72

vCPU

32

64

32

64

TXE

8 GiB
16 GiB
32 GiB
72 GiB
144 GiB
10.5 GiB
21 GiB
42 GiB
96 GiB

192 GiB

TXE

61 GiB
488 GiB
732 GiB
61 GiB
244 GiB
488 GiB

16 GiB

FILAVAXLARAT VT RNERTITRDESICNAT VY R ITA VARV AZBRETS
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SERIEI—FT1T4> vCPU TXE
ARV A

ml.g4dn.2xlarge 8 32 GiB
ml.g4dn.4xlarge 16 64 GiB
ml.g4dn.8xlarge 32 128 GiB
ml.g4dn.12xlarge 48 192 GiB
ml.g4dn.16xlarge 64 256 GiB
(® Note

p3 41 AR Al us-west-1 TREREATEERLA, NAMTVYRZITHIVIIARNENE
MLOVE1I—FT4 2 IJRERZ7OEEDa -0 TERVEER. Blo—>3a>aERAL
F£¥9,

BAVABVAR, 30GBNDF—RARNL—2 (SSD) DF7 AN NREEFALET, L, A
NL—2(&. instanceType ZRRETDNDERUAGETRETEE T, - XOHITE. ANL—>
NEFTZ50GB ICEXTHEEZRLET,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(
instance_config=InstanceConfig(
instanceType="ml.p3.8xlarge",
volumeSizeInGb=50,
),
),
* “:“ d ~
NATVY RZAaTzFv2oEILTS

FE—ZFIREBONAT VY RDITEF YU ELTRIUENHRDHEFHYET, chiF, O
V=) KERFIO—RTISCENTEFT,
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RREREHA R
OAVY—LTNAT Y KIITEF T ELTBER. NATUYRTIT R—THSF vt
LEBNATUY RT3 TEBRL, TH23Y ROYTHIVXZI—HSNIT Uy k37
EF T EERLET,

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)

O 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)

Fyrou)e®REITRICE, TOVTRIIRRENLES, EABTA—ILRIZF Y EILEASD
L. OKZ=ZERLFT,

Cancel Job "JobTest-autograd-1637034526"?

A ¢ Cancelling the specified job can't be undone.

Cancelling will terminate the container immediately and does a best effort to cancel all of the
related tasks that are in a non-terminal state.

* Tasks that have already completed will still be charged.

You can create a new job using your checkpoint data, if you defined it, to rerun your experiments

To confirm cancellation, enter cancel in the text input field.

cancel

—

Braket Python SDK O 1— REZFEAL TN/ T VY RPaTe2x v vILTDICK. ZFEAL T/
A7)y RP3Tjob_arnZBEBIL, AOIA—RICRTELSIC, TN AT T cancel ANV R%E
HUOELET,
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job = AwsQuantumJob(arn=job_arn)
job.cancel()

cancel COOAXVRF, V92V IONAT VY RD3aTAVTFZEBICKETL, EFZ—ZFIIR
RBILHPIPETIEFRRAIEZINTF T EILTZELSHEEZRKLET,

INSXNUyoOUNA )N E2FEALT/NAMT VY R a7 aE5EL
LR

Amazon Braket [&. $FE®D QPUs TONSX KDY OAUNAIZGFR—NLTWVWET, Chick
W, NA7VY RZILDVALAOREZEICERZ 1 BLEFINAILTZET, FEIAND
SBVWINAINATYTICBEETEDAFA—/N—AY REHIBTEEFT, cnlckl), FATY T TEHE
ZEBIANAINTBIRENBL<BEB I, HybridJobs DT R4 LN KBICEALELET, /NTX—
e nEEE, Y R—NE N TLBQPUs IZ Braket Hybrid Job £ L TEET 2T TY . BRE
BRTEND/NATVY RT3IaTDBA, Braket EBREINAINTBEEIC/N—RITT77O
NABZ—DSEFEnEFYVIL—2a>0F—228HNICHERALT,. RERE0ERERALE
£

NZXARNVY VERBREERTDICE. ETFTIIVALRATIIVTROADEL TN A—RZIEET
PHRENBYNVET, COFITRE, NEBNZAN)Y VOREFEAL,. EREBOEKONIEZHEF
LET, —BRNBZT—J0—RTR., ZHOERKRENY FTERFL, BREONTXA—XOEHBE
DRKDUEZRTLERT,

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:

NSXRNDYOAVNANEFERLTNAT VY ROaTEE5RIILT S 202



Amazon Braket MEEHAR

result = device.run(circuit, shots=1000, inputs={"theta": parameter})

print("Test job completed.")

ROZITAOVTRNEERALT, NAT VY RZITELTEFTIBDTILIVAXLAIVT N
EETEERT, NFXNIUY IOV NAI)ILZEHR—KTF S QPU T Hybrid Job 21792 HE. @
BEBEAORITHICOKANAILENET, KORTTE, AVNMIILEhi-BRAFBRAE N,
O—RTZEMT D &< Hybrid Job DZ 2 B4 LINT #—X AN ELELET,

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_azrn,
source_module="algorithm_script.py",

® Note
NZXNDY S22 )N1 )&, Rigetti Computing® KU A 5D IXNTHBEES — K
R—AMD QPUs THR—REhTWET, =L, ORELARILZTOY S L%ERE Oxford
Quantum Circuits& ¥

Amazon Braket PennyLane T Zf#H 9%

NATVY RPILDAVAALRG, tEAGTEREFHTOEAZECTIIVALTT, VT2V ImT
FIZYIN—RIIT (EC2AVARVAFELERTZ YT RNY D) TRITEh, EFSHlREI I

L—R—FEREFIAVEI—RFTEITENET, Hybrid Jobs e FERAL T/NI TV Y R7ILT

DALERITIZDEZHHOLET, FMICDOWVWTIE, Amazon Braket Jobs ZEH T2 XA >

51 BBBLTLEE,

Amazon Braket Zf#F 9% &, Braket PennyLane 7249 4 > . F7-l& Amazon Braket Python
SDK Amazon EH > FI /=R T Y VURS NV ZERLT, N7 VY REFFTILIVXL%E
LY RNTYTUTERITTEET, AmazonBraket > 7I/—KT Y JF SDKICETVWTHY),
PennyLane 7’29 A VB LTHEDNAT VY RFPIDAVALZEY NFPYTLTRITTEET,
EREL, &YV YFBRIVARDI A Pennylane 21 E3T2 -8, Z2H58HHLET,

NAT VY REFFTIIVAXALIZDOWVWT

Amazon Braket PennyLane T Z R 3% 203
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NATVY REFTIIAVAXLR, SHOERIZESDTEETY, KE¥Es, ERNEEFIY
E1—FT 12 IFNAAR—BREC /A XEERL, LEA>TIZ—ARETIHNSTY, 5HEIC
BINEhDEFT—RIEL /A ATBRAZAEMNE<EZ D, REEARTENDTIIVIA
E/AXCEREh, AENRBID AR B KT,

Shor ® (EF7 T—AHEDH]) X Grover @ (Grover Dl ) BEDHMMEEBFTIIAIXAIZ
. BFERLEBEBEAOARL—2IVHFBETT, O, ChSEBRFOEFF/NAAT
FERTTEBRVAREMENI HYNET. ChSDEFTFNAM AR, —RIC/AXDZVHRBERAT—ILE
F(NISQ) FNA AEHENET,

NAT VY REFFTIIVALTR, BICHBENBTILIVXLLLETRREOHEEZSELTS I
OIZ, EFRERE (QPU) FHEN CPUMIZ7OEYHELTHELERT., SEOT/NA ADH
BEOFOE<HEAT, OEROERTHAEIHAICESZUETT,

ZfEF L /= Amazon Braket PennyLane

Amazon Braket l&PennyLane, EF#HBARELET7OJZITOBSICEIVTERERE AT
DIV=ADYIYTIRNIITIL—LD—0THD 2HR—KLTVWET, COTL—LD—0%FE
ALT, EFDF. EFHERZE. RENMICBHZIFAELOBMEICHTIMREER DTS LHIC
T1—FIINRYRND—VBERRNL—ZUIITBOERLUFEATEFEARERNL—ZJTEET,

Z® PennyLane 54 75Uk, PyTorch ® BREDFEVEBNLEEBEBRY —ILADAZ—T I 4
AZRMHL TensorFlow, EFEEORNL —Z2JZ20RELN DERNICTVET,

« PennyLane 54 751 -- PennyLane l& Amazon Braket /— RN 7 Y DT UL AR=)LENT
WET, 55 Amazon Braket /N1 AT 92 AT BICIE PennyLane, /—KNT7 Y UV &RE, X
NI REMFEHAL T PennyLane 54 75U A VR—KLET,

import pennylane as qml

FA1-—KNUFIL/ =TT, <ICBHABTEET, £k, BIRL & IDE » S PennylLane
Amazon Braket T ZEAT2EETEXT,

« Amazon Braket PennyLane 7’25494 > — B ® IDE Z{EA T % (Z1d. AmazonBraket
PennyLane 7’504V ZFHTA 2 AN—ILTEET, 7T 4> IF Amazon Braket Python
SDK PennylLane (C##:9 % /=%, AmazonBraket 7*/\4 AT PennyLane TEIEZRXRTTE X
¥, PennyLane 7S AV &A VAN —ILTBICE, ROOX RZFEALET,
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pip install amazon-braket-pennylane-plugin

XOBlE, T Amazon Braket /XA ANDFT VA ZEBET D HEZ TR L TVWET PennylLane,

# to use SV1

import pennylane as gml

svl = gml.device("braket.aws.qubit", device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/sv1l", wires=2)

# to run a circuit:
@qml.qgnode(svl)
def circuit(x):
gml.RZ(x, wires=0)
gml.CNOT(wires=[0,1])
gml.RY(x, wires=1)
return gml.expval(gml.PauliZ(1))

result = circuit(0.543)

#To use the local sim:
local = gml.device("braket.local.qubit", wires=2)

Fa1—RMNUTILOFE OFFMIC DV TIE PennyLane, Amazon Braket > LU RI N | B#S R
LT EEL,

Amazon Braket PennyLane 7’55 4 > %9 % &, AmazonBraket QPU &I HIAKT T 1L —
X—FNA A% 11T70O1— K PennyLane THIWEAZADENTEEXT, 2 DN Amazon Braket EF
T INA AN TEMEL £ PennylLane,

« braket.aws.qubit QPUs > X 1L —&X—7%& &, AmazonBraket Y —EADEF T /N1 ATE
T30

« braket.local.qubit Amazon Braket SDK OO —HIIN>Z 1L —X—TRE{TITRL=HD

Amazon Braket PennyLane 7274 &7 —7>2Y—ATY, PennyLane 7’5 4 > GitHub ) 7R
SRUNSAVARN=ILTEERT,

DEMIZ DV Tk PennyLane, Pennylane JIJHA RO RFIXNESBLTLSEEL,
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Amazon Braket D/\4/ 7)Y RZIDAVALOG TSI/ —NT v D

Amazon Braket (Zi&, N1 7 VY RF7ILIVXALADRITIC PennyLane 759 4 VICEKEFELBEVE E
TERBEYTIN/—RNTYIONRABETIATVET, EFECRKENLTILOVU XA (QACA) X EHE
FEEMEYIL/N— (VQE) KENE L EEHAT D Amazon Braket N1 7Y RYV T /—KTY
TOWVWTIhHASTERBRTEET,

Amazon Braket %> 7°)L. / — K7 ¥ 2 (& Amazon Braket Python SDK Ik L TWE 9, SDK

l&. AmazonBraket ZNN L CEFIVEI—FTA VI N=—RIDITFNARERYVERY)TBHD7T
L—LD—0%ZRHLET, Chix, NATUVYRD—=VTJTO—DOEFBPEXZETDILSICEKREE
NEA—=TIV—-ARSA4TZITT,

Amazon Braket (&, >IN/ —KT v 0 TESICEHELLKFAND CENTEET,
PennyLane X 1L —Z2—NBOHIAENENAT VY RPIIVX LA

Amazon Braket Hybrid Jobs (CI&, D EMEE CPU B8R GPU R—ANHEKIAKT 1L —2—
FRBETBHRSICHEYEL EPennyLane, CDEHKIAKS I 1L —RZ—T77IV—RBGNATUY KR
SAaTJAVTFICEEEYIALIENTE, BEAT— MY KMLlightning.qubit> I a1l —
Z—. NVIDIA ® cuQuantum 475 ) #FAL TEE{LEnilightning.gpu> 1L —&%—
BENFEENET, ChSOBEARKIZIIL—F—B, BETLFEBEDTELGEZNRRZ
Ez'@é%%%%*ﬁ%‘—%’&&'@/\")l—:/ﬂ77)Lj'J7\AL_Ei1E'C3'o CcNSDBHIAKAT IO
L—&—&, 1 2BLEO CPUELEIE GPUA VAR ATRITTERT,

Hybrid Jobs Tk, #0701 Y H & QPU, B E® Amazon Braket 7> FXY > R X 1L —
B—, FF OBHAKII1L—F—ZEEFEALTSVI, NVI—>32F7)TdUVXLO—R
ERITTEDLSICAKVY EL Iz PennylLane,

BHIAHTZ 1L —2R—F Hybrid Jobs AT F TEUCKIARBETT. X420 Python % Z 71
L —&Tehybrid_jobFAL—KNTBEFTERAET, X 21L—X—%ZFEAT S PennylLane
lightning.gpu, RXOJ—RAZARY RInstanceConfigic RT KIS, TGPUA ARV A
LEETIHBENHYET,

import pennylane as gml
from braket.jobs import hybird_job
from braket.jobs.config import InstanceConfig

ehybrid_job(device="1local:pennylane/lightning.gpu",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"))
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def function(wires):
dev = gml.device("lightning.gpu", wires=wires)

Hybrid Jobs T PennyLane 32%A#> I 1L —2—OFERZBEBITDICE,. YT/ —T Y
VESBLTLIEE,

Amazon Braket X 1 L —2#& PennyLane —IC &% O&ES A

Amazon Braket ®PennyLane7’ 274 > 2R3 &, O—HILREXRINILIZ 2L —F—F ]
& SV1 TERITTHEEIL, BEXABFZZEAL TARZFFTETEE T, Amazon Braket

X BEOXBIEZEEFEATZICE. TEE<gnode., diff_method='device'T ZEET S
DEN BV FEFTdiff_method="adjoint's ROFIESHBL TIEEL,

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

HIE, PennyLaneld QAOA NI RNZT 2 OIN—T1 > Ty O RAZFEL,

TN ZFEALTNIINN 7O 2BBOMEFEICHEILET, »S QAOA ZR1T
THEEICSVI OFEEZRLEEEZFER T %55 IEPennyLane, XOKSICT)L—
TUA TV ORAZEBRUTIOARNNIIN N T ZBRBETIHLENF HYVET,
cost_h, mixer_h = gml.qaoa.max_clique(g, constrained=False) cost_h =
gml.Hamiltonian(cost_h.coeffs, cost_h.ops)
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Amazon Braket MEEHAR

Amazon Braket Hybrid Jobs & PennyLane Z{£/A L T QAOA 7L
dVAXLZRITTS

chOto>a>rTlr, FELEARZEALT, NSXKMUY OS2 /)NA )L PennyLane T ZfEAL
TERBEONAT VY R7OTTLEBERLET, PIDVXLARIVTNE2FERAL T, EFIELRE
L7 LT XL (QAOCA) MBI LEFET, 707 T AlE, KD Max Cut RBE{LEBICHIST S
JANBEBZERL, NTAXA—RLEhEEFEREEEL., EMEARR T EZZEALTNTX—
XEFELLT, JAMNBRERPRICHNADESICLET, COHITE, DHAYRILKTILEDHIC
TFILIAVDZXLADV T NTEBIZ72ERLETHN, KU —BWEI—AT—ATEF, RARNY
FOTARELT, ABTF—ERENEAF vy XL ZN L CHEAEZRHIZ LTI, 757
(Mparametrize_differentiableF 7 # )L NE TrueTH i, Y R—KEhTLVS QPUs T
ONFARNDYOAVNANWICKRY), SURALNTF—XANFEBEBNICEELETEZIX )Y NHFES
h&Ed,

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"]
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output_dir = os.environ["AMZN_BRAKET_JOB_RESULTS_DIR"]
job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
checkpoint_dir = os.environ["AMZN_BRAKET_CHECKPOINT_DIR"]
hp_file = os.environ["AMZN_BRAKET_HP_FILE"]

device_arn = os.environ["AMZN_BRAKET_DEVICE_ARN"]

# Read the hyperparameters
with open(hp_file, "r") as f:
hyperparams = json.load(f)

p = int(hyperparams["p"])

seed = int(hyperparams["seed"])

max_parallel = int(hyperparams["max_parallel"])
num_iterations = int(hyperparams["num_iterations"])
stepsize = float(hyperparams["stepsize"])

shots = int(hyperparams['"shots"])

# Generate random graph

num_nodes = 6

num_edges = 8

graph_seed = 1967

g = nx.gnm_random_graph(num_nodes, num_edges, seed=graph_seed)

# Output figure to file

positions = nx.spring_layout(g, seed=seed)

nx.draw(g, with_labels=True, pos=positions, node_size=600)
plt.savefig(f"{output_dir}/graph.png")

# Set up the QAOA problem
cost_h, mixer_h = gml.gaoa.maxcut(g)

def gaoa_layer(gamma, alpha):
gml.qaoa.cost_layer(gamma, cost_h)
gml.gaoa.mixer_layer(alpha, mixer_h)

def circuit(params, **kwargs):

for i in range(num_nodes):

gml.Hadamard(wires=1i)
gml.layer(qgaoa_layer, p, params[@], params[1])

dev = init_pl_device(device_arn, num_nodes, shots, max_parallel)

np.random.seed(seed)
cost_function = gml.ExpvalCost(circuit, cost_h, dev, optimize=True)
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params = @0.01 * np.random.uniform(size=[2, p])

optimizer = gml.GradientDescentOptimizer(stepsize=stepsize)
print("Optimization start")

for iteration in range(num_iterations):
t® = time.time()

# Evaluates the cost, then does a gradient step to new params

params, cost_before = optimizer.step_and_cost(cost_function, params)

# Convert cost_before to a float so it's easier to handle
cost_before = float(cost_before)

tl = time.time()

if iteration ==
print("Initial cost:", cost_before)
else:
print(f"Cost at step {iteration}:", cost_before)

# Log the current loss as a metric
log_metric(
metric_name="Cost",
value=cost_before,
iteration_number=iteration,

print(f"Completed iteration {iteration + 13}")
print(f"Time to complete iteration: {tl1 - t@} seconds")

final_cost = float(cost_function(params))
log_metric(
metric_name="Cost",
value=final_cost,
iteration_number=num_iterations,

# We're done with the hybrid job, so save the result.
# This will be returned in job.result()

save_job_result({"params": params.numpy().tolist(), "cost": final_cost})
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® Note
NTZARNUY OO N1 )&, Rigetti ComputingS KU A S DT X THBEES — K~
R—AD QPUs THR—RENTVET, =L, OREBLARILT O S L%EKE Oxford
Quantum Circuits& 9,

NHRAAKRTZIL—ZF—EFEALTNATUY RDO—=OUO—R%
5I®R{t 9 % PennylLane

Amazon Braket Hybrid Jobs PennyLane T OB ®HIAKT I 1L —F—&FERLTNAT DY R
D—O0—RERITIDHEZERETHEL &5, Pennylane ® GPU R—ANIEBHIAKT T 1L —
A — [&1lightning.gpu. Nvidia cuQuantum 24 7S U ERALTEE 1L -3 il
EILLET, HHAIAKGPU> I 1L —&2—Rk, I—H—NI<SICEATE S ITXTO Braket
A7 AVTFICBRREECNTVET, COR—I TR, Z#FERALTNATVUY RDO—20O—
Rlightning.gpuZz@FILTAHZEZRLET,

EFEUKBEATIIVXALAT—20—R1lightning.gpuThH O FEH

/=K7Y ODOEFIEUKZENATILIU XL (QACA) DFlEEZTHEL £S5,
BHAKRTZI1L—2—7ZBRITBICE., SldeviceBhiz FRXOXFHE L TEEL

F 9 "local:<provider>/<simulator_name>", flX (¥, "local:pennylane/
lightning.gpu"IlC ZFEL EJ1lightning.gpu. BEIFICNA TV Y ROIFIZEITTFNA A
XFHF, BEEH LTI TICEENE T "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)

COR—=I TR, 2 DDEHIAHK PennyLane IREX T ML X 1L —&— lightning.qubit
(CPUX—R) & lightning.gpu (GPUAXR—R) ZLHEBLE T, SEXTELABRZFTETSICE.
SEAL—BFR—CVLKDODDAARELT— N BaRBETEILEN BYET,

ST, NATVY RDITBEBRAIVT N EERIDEBIBVELE, QACAT
IOV X AR, m5.2xlargeE D2 DDA VARV ARA T2 ERALTERITLE
¥p3.2xlarge, m5.2xlarge 1 VARV ARA T, BEOFROYN-FY TNV TEFET
¥, p3.2xlarge . 16GB O XEJ #{BX -8 — D NVIDIA Volta GPU % {§X - &EI 1 —
TAVITAVARATY,
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IXTONAT VY R 3T hyperparameters® BFREALUICHAWET, ESERTETBEA ARV AL
SEIL—B—ERTLHIABROR, ROLSC2FEREIHELHTT,

# 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"')

F =&

# Specify device that the hybrid job will primarily be targeting
device = "local:pennylane/lightning.gpu"

# Run on an inexpensive GPU based instance

instance_config = InstanceConfig(instanceType='ml.p3.2xlarge')

(® Note

GPUAXR—ANA VAR A%ZFEAL T instance_config& L TIBEL, E®HiAdk CPU

R—ANIZ1L—4&— (lightning.qubit) device& LT %Zi&RL 1HE. GPU I fE
AEhFEHA, GPUZEZ—TY NCTBEER. DTHMAK GPUR—ADT I 1L —

X—ZFEAL T EEL,

FF.2200NAT VY RYa3T=ERL., 18EANERZERH DY S 7T QAOA ZFEMA L T Max-
Cut ZBRTEET, ChIF1BEFEY MERIZCEREIET, EBHPMEL, FYTRV T
X¥m5.2xlargef VARV ATITIERLKRITTEET,

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
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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,

m5.2xlarge 1 VAR ADOFEREFEIEH 25 BT, p3.2xlarged VAR AN F R EHHE
FH128TT, cHDIBEFEYRNDD—U70O—TR., GPUA VARV AICK 2T 2 FE0OERENL
N1BESNET, Amazon Braket Hybrid Jobs DR ER—T % B2 E, A VAZRVAD 1 9H Y O]
AN 0.00768 USD T, p3.2xlargef VAR ADOIIARNIF 0.06375USD THB DN HY)
F9, m5.2xlargel CTIT2E&LDIC, BEF5ENDATL—>232&ETTHICE, CPUSMA
R AZFERALT0.016 USD, FldE GPU A AR AZFERAL T 0.06375USD OERAAN A A V)
9, EE585EDBYEZATT,

RIZ, BEZRVELKL, 4EFEY NMIEHEND 24 ERY T 7 T Max-Cut O BB Z fi# R
LTHFEL&S, AL 2 D2DAVAZVATNATIY ROaTZBERTL, JANEERLE
EE

(@ Note
CPUAVARRVATZIDODNAT VY RZATEZERTIZRME., N5BFBICEDBENHY)
9,

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="qaoa-m5-big-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qgaoa_source.qaoa_algorithm_script",
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copy_checkpoints_from_job=None,
instance_config=instance_config,

# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5.2xlarge 1 VAR AOFEREFEIEH 1 BB T, p3.2xlarged VAR AOFY R EH
BlEHN29TT, CcCORELBEEATE. GPUAM VARV ARMMEWICERETT, COSRILOER
ZZTRLEHICHEROE, 2TO0—REZEELT, VARV ARA70—AILTZalL—
R—BADYVTFTBEETTT, CCTA2EELSIC, A5 EOREEZERITITSDICIE,. CPUA
VARV A'RMEAL TH 2.27,072USD, FhFE GPU AV AR AZFERAL TH 0.77,5625 USD
OAARFDIHIYET, CPUBRRARIEIYEMTHEETTEHLS, RTICESICKHEANMNAMHAYE
Fo NVIDIA A" R— KN T3 PennyLaneDIEHIAAT I 1L —X—ZFEHAL TAWS, THATEE
B GPUAYARYATINDI—2 70— %METHET, TEBFEY MK (20 A5 30 OM)
TO—070—%2FTTES 1 CuQuantum, E5TAARMEL, HEELEBENET, 2FV.,
SYTRNYTREROV A ADA VARV ATISICETTERVAELBETE, EF I E1—
TAVIREATENTEEXT,

BEfEMFEBR LT — XA 5nE

D—O0—REATHATF—REYRTRL-—ZVIITREFHHFE (L) THBHERRF. T—2X
FnBEFEALTO)—IV0—RZ2ESICEENLTEXRT., QML TR, EFILICE 1 2 ELOEFE
BAEEATVET, EFILCEERII-FJIRY MEBEFATVRIBEEEENBEVEEEH
WET, T—R2EY MEFALTEFILEZNL—Z20T0F2E, EFILONTFX—ZNEFHEHh, 8
RERBARPRICHMASNE T, BREREEE, E—0F—FRS/NIHLTEREh, T—X
Y 2RO FHBERDEHNIERENE T, QUL Tk, AERFEOEFHBEXRZFHLT DA,
BRIBEERL THEZIATT, BELHBADT—RIRA U M H25HE. COFIEICEEEHF DL
WERY,

HBT—RRAV KD SOBRIMOT—RRSA 2 MIEKFELAWLEY, BEREATLTFMETE
£9, EBBIT—ERAVNIEETIELREQARK., AFICTHMETEET.,. ChEF—2AL50E
EFENE T, SageMaker® B #TF—RAHZ 475 AT S E, Amazon Braket Hybrid Jobs
k., F—REHNEBEEFRALTINL—ZJ 28 tT2 L E2RRZICLET,

THEHSFEOHELT, K<HSATWVWD UCI VRIS N)® Sonar F—2 Y NF—2tY N&ER
THTF—RLHMEBIZEF, XO QML D—20—REZREFLTLSEEV, Sonar F—2t Y MNZE
208 MODF—RRA KDY, ThEFEAIZCOBOFEHENHY ., YF—TFIHhsEEh, Y
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TUT LN BPRIRY)ET, BETF—FRAME, #EOBERE "My . ADIFZERE "Ry OSXRILN
FHoshET, HE0O QML EFI)INE. A ALAV—, BLLAY—ELTOEFERE, SRTED
LAV—TEBRENET, ASWLAV—EHILAVT—R, CERKEThTVWAHFHRI1-F )RV
NT3 PyTorche EFEIE. @ gmlgnn 21— )LZFEAL T PyTorch Z21—J )% Y M&fR
& PennyLaneE NET, J—IO—ROFMIIOWVWTE, Yo7/ —hT v 0 RSBLTLKES
Wo EFED QAOA DHIEREKIC, BREDHEAIAK GPUR—ANDT T 1L —Z—=FEAL T GPU
NDEEN ZJEA L T PennyLanelightning.gpu, #&AH CPUR—ADT 1L —2—&YEN
TA—XVAZMALECDENTEEXT,

NATVY RS THERTSICIE, £FOHLAwsQuantumIob.create, ¥F—7J— R3|HEE
AUTTZILdVXLARAIVTN, FNARA, BRUETOMOBREEIBETEET,

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,

F—RUHNEBEFERATSICE. SageMaker ZBZA 7ZVOTIIAVAXLRY VT~
ROBTOI—RZZEELT, NL—Z2VJZELLKAIHLTHIHUREN HYVET. £I.
smdistributed/N\Y 5 —2&A2AR—KMLET, NV T—2 R, D—20— RZEHD GPUsL
BEROA VARV ALDETDEHIC, BEAEDEROEVWU 7 RNERTLET, CONYT—
< (& Braket PyTorch & & T* TensorFlow AT+ TERREE N TWVWET, dist EZ 1)L,
NL—Z>% (world_size) ® GPUs M&5t# & GPU J7Flocal_rank® rank&8 & 7))L
DALRDZ VT MIERLUET, ranki@ IXTOAVRAZVRAIZE TS GPU OiERA T 9
ATHY, local_rank A VARXRARD GPU DAV FYIATY, BlaE, NL—Z—2TIC
ETNENB8 DD GPUs HFEINH TSN 4 DDAV ARV AN BBHE. rankOEHEE 0~ 31,
local_rank® &Mk 0~7 TT,

import smdistributed.dataparallel.torch.distributed as dist
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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)

RIZ, world_size®B KU DistributedSamplerlcfit> T ZEZrankl, ThiaF—X0O—
A—IZELET, cOYUTT—, GPUsHT—2EY NOEUARZARICT VAT B0 ZER
LET,

train_sampler = torch.utils.data.distributed.DistributedSamplexr(
train_dataset,
num_replicas=dp_info["world_size"],
rank=dp_info["rank"]

)

train_loader = torch.utils.data.Dataloadexr(
train_dataset,
batch_size=batch_size,
shuffle=False,
num_workers=0,
pin_memory=True,
sampler=train_sampler,

RIZ., DistributedDataParallel V75 AZFERAL TF—RXUFnEBEBRMIZLET,

from smdistributed.dataparallel.torch.parallel.distributed import
DistributedDataParallel as DDP

model
model

DressedQNN(gc_dev).to(device)
DDP(model)
torch.cuda.set_device(dp_info["local_rank"])
model.cuda(dp_info["local_rank"])

FEROZEERF, F—RAUHNEBZFERATIEHICHERENTT, QML Tk, Z<NFE. #HR%
RELTINL—Z2VJ0ETRAZEILET, EGPUN REIN REHBINY RZERITTS
E, OTRBYRENDIBERTIZVTF1o0ch, HBREEVICEEZEEhETT, ChZEBEBTS
IZlEk, 0D GPUrank " S DA RES KRTHRITEET,

EFHWMFRLT—2A 5 0E 216



Amazon Braket MEEHAR

if dp_info["rank"]==0:
print('elapsed time: ', elapsed)
torch.save(model.state_dict(), f"{output_dir}/test_local.pt")
save_job_result({"last loss": loss_before})

Amazon Braket Hybrid Jobs . SageMaker 287 —2X X554 75 1) ®ml.p3.16xlarged
VARV ARATBEYR—RNLTVET, 1 VAR ARA T I, Hybrid Jobs M
InstanceConfigh|#Z AL TRELET. SageMaker 8T —RWHZ 17
SUNTF—RLFNBAEMCE>TVWDREEANDICIK, % ICRE"true"L,
"sagemaker_distributed_dataparallel_enabled"ZERF DA AR AZRA

7 "sagemaker_instance_type"lCERET D 2 DONA/N—NTX—XZEMT D&
ENfGVET, chs2200NAN—NTFX—ZKlEsmdistributed/\Y T— THERAE
nET, PIDdVAXLARVUTNEHATHNICERATASERGH ) £ A. Amazon Braket

SDK Tk, ERAZF—7—R5|% 2#RMH L EIdistribution, N1 7V Y RZaTnE
Mdistribution="data_parallel" Tl&. Amazon Braket SDK IC& 2T 2 2O /\1/N\—/)\Z
X—ZNBENICEAENET, Amazon Braket APl ZFEA T2 BEE. chs5 2 20//N\N1/N\—=N
TA—BREEHDHENHYET,

AVABZRVAETF—RLHNBEFRELT, NAT7TVYRDITERERETEDLSIIEYEL

fo ml.p3.16xlarge 1 VARV AIZIF 8GPUs "B V) EF, ZFRET S &instanceCount=1,
D—70—REAVAZARND 8GPUs ICHBWENET, instanceCount BED ZRET S

&, D=0 RBRIXTODA VARV ATHEATES GPUsICoBEE T, BEROI VARV A
EERTRHE. B VAZAOFEAFEICESVTHENBELET, fIZE. 4 DDMV AR
VAEFERATREE. V—VO0—RZERICETLTIVBR A VAR AN 425D 12, BFRIR
R A AR AH LYY ORTREO 4 ZI2BYET,

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="qgml_source.train_dp",
hyperparameters=hyperparameters,
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instance_config=instance_config,
distribution="data_parallel",

® Note

ERBONATVY RSITOERTIE., train_dp.pyF—RXUF5nBEFEFRATD-HD
ZEETNLETILIAVALARYDVTRNTY, F—RUH0NEBE, LROEIZIVICHKLTT
LNOAVZXLARIV T N EEETRIHEICOAELKB,ETDIEICEELTLEEY, F—
RWHNNBAT AN ELLKBEENETILIVAXLARAIV T NELTEMICE>TVS
BE., N7 VY RZIaTHFIZ—%2AO0—-L1EVY, EGPUNBLTF—RAT A A%
BUREBLEYITRENFBYETHS., ChRBFIEMERTT,

FROZESEREICKHLT20EFEY NOEFRRTEFIZENL—Z2T 25506 T, £
TRBEDAAMEZEEBRLTAHAELLDS, COBFTEAZTNTVWSml.p3.16x1larged VAR AD
REF129H72Y) 04692USD TY, F—RASMEBZITORWVES, 1L —X—HFEFILZ 1
TRY D (DFEVY, 208 F—RRA KAL) TRL—Z20TF20IC 45 90 H ), £ 20USD A
DPVET 1 DDA VARV AEA DDA VARV ADOTF—RAFNETE, ThEh6D5E 155
LADDST, £E55E€£428USDICBYET, 4 DDAV ARVATT—R2NHNEBEZFERTS
&, RTREZ 0 F@mLeER T THL, JAMZ 1 MTBIRTE X T,

O—AILE—RTNAT VY RDITEBESLTETFNYI TS

MLOWNALT VY RPILDVALZBETZHES. O—HLE—RETZILIVAXLRIVTNOF
NYTETAMIKZIEET, A—HILE— RIE, AmazonBraket Hybrid Jobs TR T2 FED
O—REETTEEXTH, Braket Y/ \NA T VY RDATERITIT DAV TTARNTIVF v 2EET
DHBEHYEBA, KDV IC, Braket Notebook 1 VARV AFEERFR TS YT RNYTRTFRAINY S
dAVEI—RBEDBEISATRTNAT Y R2aTE2#O—HITEITLET, O—HILE—
RTlE, BEFRAVEEBOTNAARIZEFETHCERFTEXRTHN, O—HILE—RTEED QPU
ICXHLTRITTDE, NT7F—XALOFRIEBShEEA,

O—HNILE—RZFEATBICE, BETSHFEMT AwsQuantumJob Z LocalQuantumlob ICEEL
F9, HIAE, RIONAT VY RDIT ZERTD OFlZRTITBICE. ROKSIZNAT Y
RTIaTFTROVTNE2wRELET,

from braket.jobs.local import LocalQuantumJob
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job = LocalQuantumlob.create(
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",

(@ Note

COMEEEFER T BICIE. Amazon Braket /— N7 Y JICBEICT VAV AR—=ILEhTWD
Docker ZO0—AINREBICAVARN=ILTBIHENH')ET, Docker D1 AM—)LFIEIC
DWW Tk, hitps://docs.docker.com/get-docker/ "y ZZBRL T EEV, 52, §XTDH
NFA=BZFOA—HILE—RTHR—RFEhTVEDITTRERHYEEA,

MBOIOTF

Amazon Braket Hybrid Jobs (Cld, EXREXBRETIA—RZRITIBZLHD I DOBEEHXA T
FTHRAEZEENATVET, chsOOTFTFOVTIAN I—AT—REHR—KLTVBREHESE, /)
A7VY RSIATEERTDEEZICOKTILIVAXLARAV VT NEEMIDIBEN HYET, KEL
TVRBRHMEHKERERE. PIJdVXLARVUTNELE 2FA T S requirements.txt7 7 1)L
HASEMTEEIpip.

chsOAVTFTFOVWTIhEI—-RT—RAEHR—NLTVEWVEES, FLERETIhSZILETZE
4. Braket Hybrid Jobs &3 B D H A X LADockerAV T FA A= RFEALENAT VY RD3TD
KT, TEFMEOIVTFOEHESEAK (BYOC) ZHR—KNLET, 2L, HFLABHIZ,
BRICI—AT—AICHELEBETH D EEZBRBLTIEEL,

BN TFT2/ERATCORBEDRSBZBZENEYTI A ?

JMEB®OI>TF (BYOC) % Braket Hybrid Jobs I 5iAL E, NV T—J{bEanEREBICAV A
R=ITBIET, WMEDY I RNIVITEZRRICEATEET, FEOZ—XIZWHLUT, B2k
BYOC DockerEEJL K -Amazon ECR 7Y 7O—R - HARLAX—=D URIHA VN ZERD L&
<. BAUXBHZRRITBDEENBIEENHUET,
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@® Note
NEETVWBDEO Python /Ny o —2 (BRI 10 B48) £B8MT 354, BYOC #
BLTOWEVARMEABYET. B, EEALTVBEATT PyPi

CODFEE. BEEADBraket f X—2OVThAZFEAL T, DITOEERICY—ARAFI1LIbH
)lCrequirements. . txt 77 AL EZEHDENTEET, 774N IEEBNICTEAEpipsh,
BEEBYEEENEN—2a> TNV TN AV AR =ILENET, SHONY T4V R
R=IL3F2HBE, 37O RA LN KBICEMTDAEEENHY) FT, Python ZHEFRL. =
ITRHEEE. YVIRNIDITHEIMETEIHNESHDOTANCERATIEERZAITF O CUDA /N—
DA EHELET,

BYOC &, 237 RV U7 NIZ Python AADEFE (C++ ¥ Rust B &) ZHEA T 3HE 5%, Braket 8
FEXAVTTTRAMATERW Python N—2 3V 2 FHATRIHEEICHETT, £k, XDELDKE
BEICEBELTVERT,

s FAEVAF—EFOVYIRNIVITEFEALTVAR LS, VI NIJITZETITRICEZ4/EVA
B—N—ICHLTEZOF—2RAIZIHLEN BV XY, BYOC 2EATHE, F/EVAF—%
Docker{/ X—J (Z38HAAL, RAANDI—RZEBHZIENTEFRT,

s RATATVWBEWYTIRNRIIT7ZEALTWS, flIZE. V7RI TE. TORRAIHEED
SSHF*—ZREETFTBT A4 X—Nh GitLab F/=l& GitHub VRS KU TRARNENET,

* Braket "Rt I 2T FICNY TN TVWBVWARERY TRV I T AL —NEA>
AN=ILTRDRBENH)ET, BYOC ZFEATDE, YVIRIITOAAR—IIZLBDNLT
Dy RZITAVTFORVEBRBEHKRTEET,

£/, BYOC Tk, Y7 NDITF7TDockerd T+ %2BEL, 1——HNFETEDELSICT
28T, HDAZRALASDK FEERTZILIVALZBEENFEATERZLSICLET, chEITSIC
. Amazon ECR TEYIZT7 IV EAHFAZRZELEX T,

(® Note
ZETRIINTDYTIRNIVITFA LV AZEBFIDHLENHYIET,
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MEOIYTFeEBRATEOOLIE

Dt 3> Tlk, Braket Hybrid Jobs bring your own container (BYOC)ICA B Z &, DFEWAH
AZ LDockerf XA—#RBEILTRITITDEDICTNSZHAEDER AU, 7741, A
TV 70 step-by-step HA RZERBLET, 2 20— OB T—ADLIEEZRBHLTVET,

1. Docker 4 X—Z IZEBMOY 7 NI TT7EAVAR—IL, 37T Python PILIVXLAI Y
T7hOAKEFEALET,

2. Hybrid Jobs T Python UMADSETRRENETIIAUXLRYIUT K, £ x86 4D CPU
T—FT7O0Fv=2EHALET,

AVTFIVRIVRAOVTROERG, T—A2 TRERIVEMTT,

Braket *¥/\N\A 7)Y ROa3aJT#RTTdE, VDIIARENLEHRERA T O Amazon EC2 1 >~

AR A&EEBEL, Docker{ X—2 URI AATEEENEAX—DERITLTOITEERLE
9. BYOCeEE AT RHEEE. AWMU T IV EAEN HD T 54 X—K Amazon ECR URD
UTRARENATWVWAD A X—2 URI Z38E L £ T, Braket Hybrid Jobs (&, TDHARLAX—T%
FRALTaJ2ETLET,

Hybrid Jobs TEH T& dDocker{ X— OBERICHAEBZRBENIVR—FU N, ORREBEICIE
nTVWEWEEEDockerfiles, ChSDOFIREFTABA S, BEIZISU T Dockerfile RF 1 X/
& Amazon ECRCLIRFIXV hZZRID L ZHBOLET,

BEBEOOBERFRXDESYTT,
« Dockerfile DX—RAA X—=
(A7 23N EEENEOAVTFIVRIURAVRNAIUT B
« BERZY T RTITFDockerfileZAAR—)IL, AVTFAIVUTRZEL

Dockerfile DX —A A X—

Python ZEAL TWT, Braket " REITZHA T FTRUEETNATVBREODOLEICYTINTIT 2
AVARN=LTBEE R—AAX=DOF 7> 3a&F, GitHub URT K1) & Amazon ECR T
RARNENTWVWS Braket AT FAX—=2MD1D2TTo AX=2ETILTEOLICEBETSIC
l&. Amazon ECR ICXI L TRERE T2 ENf HVE T, HlAE. BYOC Docker 7 7 1 )L DHZ A DT
RKDEDICHV)ET, FROM [IMAGE_URI_HERE]
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Amazon Braket MREHAR
RIC, D&Y OE2 5 ADockerfileL T, AT FHICEMTDY I RNIITEAAM=ILLT
TYRNTYTLET, BEEAD Braket A X—DICREEEICEBYEITFTFIVRNIRANADY
TRFEENTVE YD, ChEEHDCEEVDREITIVERFHYFEH A,

C++, Rust, Julia % E D Python UADESEZFEATSIHES. Lk ARM X ED x86 LAS D CPU
T—FTIO0FYADAX—DEBEITDERR, RKTPR=—NTVYIAAXA=DDOLIZEET DN

ENHABENFNHYNVET. CORSBAX—TD%F<IE, Amazon Elastic Container Registry Public
Gallery IZHVW&ET, CPUT—FTIOFFICELLEEDZEIRL, YBICKHUTHEATS GPU 28
RUTLSEEL,

(A723a)EBEENEOAYTFIVRNIRANAT VTR

(® Note

BEZHZD Braket A X—TJICOAKY T RNIITZEBMTZDHERF. COEIZIVERAEFY
TTEEY,

NAT VY RITO—FHEL T Python UADI—RERITITSICE, I0TF
IKNURAVNEEERT S Python RV T NZ2EETRUENHYET, Hlx

l&. braket_container.pyAmazon Braket Github @ Python A2 U7 N T, <hlk, Braket (C
K OTEFICBEENLEAA—DHATILIVALRVD S N 2REL, BYSRELZHERET DL
HICEATEIAIVINTT, AVTFIVNIRANAD VT MBS Python ICHBRAEN S
VETAH, Python MADRAV U TN EZREBTEERT, BEZFLDOHF T, Python PILTVXALRYD
)7°RA" Python B 7 7O RAFELFFE 2 A<HLLVIOELRA ELTEBEATWRENfDHYE
T cOODYIEEETDCET, TURNIVRANAD VT NEBICL T Python AADT )L
JdUXLARVVTNZRBEBTERS, flREF. 77MNEEFOKRTICHUT Rust 7O A EREE
TBKSIZ thekick_off _customer script( )BEBEZLETEET,

FoE<HLW ZRBRITD&ETEFRTbraket_container.py. AZTF—X, Y—AT—NhHA
7. BROTOMOBELRT7AI)% Amazon S3 AS IV FFHICIE—L, BUSRELHEES
ITRIMVENFHYET,
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MEIZY T NI ITDockerfilez /> AN—)LL, DVTFARIUTRNEBT .

(® Note

BEZXH D Braket 1 X—> ZDockerR—AA X—2JE L TEALTWVWDHE, dVTTFA
JUTRNEBRICEELET,

AOATY 7TEELEOVTHFAIVT N ZERLEHER., DT FICOE—L, REZH %
SAGEMAKER_PROGRAMIZE%& 9 % HA'braket_container.py, ILWIAVFFIVNURA U KNA
DV NCBEERTEENDEERTIHLEN HVET,

LRIk, GPUT72tZ5 L —> 3> Dockerfiled i Jobs 1 AR AT Julia ZFRATED LD
9% 0OpHlTT,

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/${IJULIA_RELEASE}/
ARG TAR_NAME = julia-${JULIA_VERSION}-linux-x86_64.tar.gz

ARG PYTHON_PKGS = # list your Python packages and versions here

RUN curl -s -L ${JULIA_URL}/${TAR_NAME} | tar -C /usr/local -x -z --strip-components=1
-f -

RUN apt-get update \

&& apt-get install -y --no-install-recommends \
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build-essential \
tzdata \
openssh-client \
openssh-server \
ca-certificates \
curl \

git \
libtemplate-perl \
libssli.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/:$LD_LIBRARY_PATH
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# Julia specific installation instructions
COPY Project.toml /usr/local/share/julia/environments/v${JULIA_RELEASE}/
RUN JULIA_DEPOT_PATH=/usr/local/share/julia \

julia -e 'using Pkg; Pkg.instantiate(); Pkg.API.precompile()'
# generate the device runtime library for all known and supported devices
RUN JULIA_DEPOT_PATH=/usr/local/share/julia \

julia -e 'using CUDA; CUDA.precompile_runtime()'
# Open source compliance scripts

RUN HOME_DIR=/root \

&& curl -o ${HOME_DIR}/oss_compliance.zip https://aws-dlinfra-
utilities.s3.amazonaws.com/oss_compliance.zip \

&& unzip ${HOME_DIR}/oss_compliance.zip -d ${HOME_DIR}/ \

&& cp ${HOME_DIR}/oss_compliance/test/test0SSCompliance /usr/local/bin/
test0SSCompliance \

&& chmod +x /usr/local/bin/test0SSCompliance \

&& chmod +x ${HOME_DIR}/oss_compliance/generate_oss_compliance.sh \

&& ${HOME_DIR}/oss_compliance/generate_oss_compliance.sh ${HOME_DIR} ${PYTHON} \
&& rm -rf ${HOME_DIR}/oss_compliance*

# Copying the container entry point script

COPY braket_container.py /opt/ml/code/braket_container.py
ENV SAGEMAKER_PROGRAM braket_container.py

COBITE, FEHIRETZIRAIVVINEZATIO0—RLTETAWS L, BBETZINTOAFA—
V=R TA O AEBEICEBSTLET, AR, CE2TEEBETIhD A AN —=IEFEARTI—RIC
BYIZIRE S ¥ £ I MIT license,

7’4 XR—h GitHub £7z1& GitLab URZ KU TRARENTVWR A AR AO—RBE, N
JUYODA—REZEHZIVENHBHEWR. Docker{ X—T 2 SSH F—Z#EHIAATT VALK
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WTL e, b YIZ, EJL KDocker ComposefFic ZFEAL T, EREATWVWBERARNII Y
+® SSH Docker"®7 7t A% ICFAILE T, sFMIC DOV TR, "Docker TSSH F—ZZ£I(C
FALTTTAR—K Github JIRDKNUICTOEATD ) HA RESBLTLSEEL,

Docker{f X— OBEET Y 70O—R

ChT, BYIICERE N ZFAL Thockerfile, 774 X—h Amazon ECR URZ KU A&
EFELEVEERE. TOURDNIZERTIATY T2RTI2ERBNIIBVELE, OVTFA
X—TEBE, 2TRG. VRS KNUILTYTO-RIBEELTERT,

AX—=DBBE, TR, TV 1FBERBIBVELE, OF T3> nELBEFHBdocker
builde WK 22 DOHIZDWTIE, Docker EJLRRFIXRZSHELTLSEEZL,

LROGUTILT7FAILTR, AT ZEZRITTEET,

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

B0 Amazon ECR 7 7 A MOE|) 4T

Braket Hybrid Jobs Docker 4 X—Z (& 7" 4 X— K Amazon ECR VRS NUTKRANTIHEN S
WET, F7AIRTRE, 754X —K AmazonECR URZ KUk, NOZRABMY T IR, #
[El¥E % & Braket Hybrid Jobs IAM roleX® Z 48 E, A X—DZFEALEWMBO 1 —H —ADOFEHE)
TOEAZRMLUECRA, BUBT IV EAFTEZNAFETSICE, VURDZNURUS—ZBRETIHE
FHVET, RIS, I X—DETIRATBIREOI—F—EIAMO—ILIZOKT U AFFA 21t
5L, 2 2>IRXTOI—H—IC/4 X—2image URIO T ZFFAI LBV T EE L,

Braket \ 4 7 VY R aJa#MBEODI T FTEITTS

BEOIVTFEFEALTNAT VY RO TRERTBICIE. image_uri ZEEEE hiz 5
AwsQuantumlob.create() CTHUFHELET, QPU, FUFIXVRIIIL—Z—%2FEATS
7. Braket Hybrid Jobs THRIAAEER IS Y 97Oty YT I—RZO—AITEITTEET, £
BRMD QPU TETITHHIC, SVI,DM1, TN BEDZ ZIL—ZF—TI—RZTARNTREEZD
BHLET,

0229070y HTI—REEFTIBICIE. BEHL T, instanceCountfEA TS
instanceType& %} EL £dInstanceConfig, instance_count > 1 ZET2HEE.
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Od— RAEBDRANTETTEDCERERITAIVNENHYVET, BIRTEDAMARXABO L
Rl 5 T3, fi:

job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
image_uri="111122223333.dkr.ecr.us-west-2.amazonaws.com/my-byoc-container:latest",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3),
device="local:braket/braket.local.qubit",
#...)

® Note

FINAAARN ZEAL T, NATUY RZATARF—RELTHEALEYZ 2L —Z—
ZEWHLET, FRER OEXICHSBENHV) FJdevice = "local:<provider>/
<simulator_name>", <provider> 8LV &, XZF, HF. . _, -BLF OXATHEKSE
Nd<simulator_name>MEBEAH D EICFELTLKES V., XFF(E 256 XFICHIRE
nNTVWERT,

BYOC Zf£f 9% FET. Braket SDK ZFEA L TEF XAV ZERL TLEW

BEk., REZHOEZECreateQuantumTask! ) VP TA KD jobToken/NZ X —

S AMZN_BRAKET_JOB_TOKENIZE T BEA B W E T, TO5LBVE, EFRAV R ELIE
MNZEMRATT, BEORARX RFOVEFRAVELTEREIET,

AwsSession TTF7#FIBNONTY R ZRELET,

M B DAwsSessionZEMTHE, FT7FILMNTY NOBRAE, REEF @LELET. T
7 # ) NTIE, AwsSession DF7 FIL MO/ Y NOFATIE f'amazon-braket-{id}-
{region}" T9, 2L, AwsSession ZHEKTDEEICZDTF I/ AINEF—N—F4
RTEET, AOOI— Rflaws_sessionlZ RIKSIZ, I—H—RBFAT23a>TNFX—&
ZAwsQuantumJob.createT AwsSession 7 IO RN E ICETENTEET,

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

AwsSession TTF7 I RNONTY NERELET, 227
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EEALTNAT VY RO T 2E#RETS API

Z A L T Amazon Braket Hybrid Jobs [CE#T7 VAL THRETEETAPI, EL., APIZERE
FRITZDEE. T7AILNEERBEXYY RIFEATEERE A

(® Note
Amazon Braket Python SDK % f£ F§ L T Amazon Braket Hybrid Jobs Z#{ET % & #iE<
BEHLET. NATUYRSITEEEICERTIDOICKIDEFNET7HILNEREE
RELET,

CORNEYOTIER. OEAOEKRICOVTHBLETAPI, APl Z2FEHITZEEE. COoF770—F
ANERYBMHICEY, \AT VY RSITEEZTI2-OORELENEHRETHONZAEMELNIH D
EIEBLTLSEZY,

APl ZEHT3ICE. 7HT MZ AmazonBraketFullAccessBE RS —&FE D>O—I)IANKE
T9,

@ Note

AmazonBraketFullAccess NZX—Y RARUS—TO—IILZBBITZHEDFHEM-COVT
l&. Amazon Braket ZB®MIC T2, R—TZSRBLTLSEETL,

TS5, ETO-ILHIYETT, cOO—ILEH—ERICEENET, AmazonBraket IV —JL
EFEALTO-NLEERTEET, P9CAHFAERZER—20O "E£T0-), 27 &2EAHAL T, /\
A7y RSITOF7AIINNO-ILEERLET,

CreateJob API Tk, NA 7 VY RDITIIHEBIRNTONTA—RZBETIHEN HVY E
¥, Python ZFERATBICIE, PITVXLARVIVTNT 7 AIL%E inputtargz 7 7 4 )L ED tar /N
RIICESBL, ROAIVTRNEZRTLET, I—ROIPIEHFEM (<>) TEHLT, 17
)y REITHABBRENBINA, 774, XVY REEBEITZDTHIMNMEBREIRNIVRAU S
E—HEEFET,

from braket.aws import AwsDevice, AwsSession
import boto3
from datetime import datetime
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s3_client = boto3.client("s3")
client = boto3.client("braket")

project_name = "job-test"
job_name = project_name + "-" + datetime.strftime(datetime.now(), "%Y%m%d%H%M%S")
bucket = "amazon-braket-<your_bucket>"

s3_prefix = job_name

job_script = "input.tar.gz"
job_object = f"{s3_prefix}/script/{job_script}"
s3_client.upload_file(job_script, bucket, job_object)

input_data = "inputdata.csv"
input_object = f"{s3_prefix}/input/{input_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>",
"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={
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"s3Path": f"s3://{bucket}/{s3_prefix}/output"

.

instanceConfig={
"instanceType": "ml.m5.large",
"instanceCount": 1,
"volumeSizeInGb": 1

},

checkpointConfig={
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints",
"localPath": "/opt/omega/checkpoints”

},

deviceConfig={
"priorityAccess": {
"devices": [
"arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3"

.
hyperParameters={
"hyperparameter key you wish to pass'": "<hyperparameter value you wish to
pass>",
.
stoppingCondition={
"maxRuntimeInSeconds": 1200,
"maximumTaskLimit": 10

iy

NAT VY RZaTRERLES, GetJobAPIELGOAVY—IASNAT )Y R a7 O
LT IEATEET, FIOHIOKLS(CcreateJob—RZR{TLE Python vy > ashAs/N\(7
)y R ITOFMERBITSICE. KO Python AX > REFEHALET,

getJob = client.get_job(jobArn=job["jobArn"])

NATVY RITHEFYEILTBICIE. 237 () Amazon Resource Name® CancelJobAPI%
FRALT Z2FTEHL F 9 JobAms

cancellJob = client.cancel_job(jobArn=job["jobArn"])

checkpointConfig /NS X—ZRcreateJobAPIZERAL T, O—FHELTFIVIRASA U NEI
ETEFET,
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checkpointConfig = {
"localPath" : "/opt/omega/checkpoints",
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints"

+

(® Note
OO—AILNA checkpointConfig &, FHEHK/NAD /opt/ml. /opt/braket, /
tmp, £kIl& /usr/local/nvidia DVIFNA THERIT D LBFTEERE A,
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I —DER
EFIS—BHE. BFIVEI-S0IS—OREERSTEEANELE—BOFRTT,

BYFTFNAAR, RITEhBHEOREZBRTEEIRE /A AOXEEZZTET., MESHEF]
YEI-TFTAVIRIOBBEANDBRRERIALETY, REOEFT/NAAREFEY NIELR
NEVWIZ—RICL>THRELAET, EHENICCACHLTEEH, HRERF /A1 ADSZVEFF
EOREZOLTERIHEEZFELTVET., COT7O0—FREFIZ—EBR cHEN, XKL
FBFEREEALT/AXOSZVAET—EA SHEES T FILZHMELE T,

TOIZ—ER lonQ Aria

ITS5—OEFEICE. EHOYEBELRREERTL, TOAEELZEAEDETHEREREZTH LN EE
NET, lonQAria FNAL ALKk, DREEVSIZ—BEAEN HY)FT,

NATABRE, Oz, EZ2EFEY NEIXRLEBEREBZDT— NS @BETEEITZ2EHONVT >
NEXYEVITLET, chilkl), AERBRENATAIZAREMEOHIEEROEXTETLERE
EHTRDCET, '—ROA—N—AO—FT—2 3 PE—OEENDHIDEFEY NEEOEKRNLET
T—ORENBRENET, chid. BROEFEY MES—RE2FY )T/ L—2320F2LH0ORK
DEA—N—AY ROBEICEYET,

INATABBROFRCOVTE, "MHMLICLZEFAVEI—SONTA—NVADE L, 258
LTLSEZEL,

(® Note
TNATAZERTBICE, &RIK 25003 Y MBETT,

ROIA—RZFEAL T, 10QAMaT/NAATTFNATAZHIBTRAVERITTERY,

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)
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task = device.run(circuit, shots=2500, device_parameters={"errorMitigation": Debias()})

result = task.result()
print(result.measurement_counts)
>>> {"QOQ": 1245, "@1": 5, "10": 10 "11": 1240} # result from debiasing

BFRAVNRTIRE, BFRAVNSHERREBERRIATEZHRTEET, IXNTONITY
NORIEBRRENDVVRE, 1 200HBICENEIhET, BRFMELRLE, ARTEETCNEBREZAT
&, EFRENDV M 2FERAL THEEAET,

v —J"29

Ric, V=TV ERENZDHOBLEEB THES NN ERRITIEAIDZEETER
T IN¥—TZJR. ENUTUNOBERZLERL, — B0V 3y NEREL, NUTUH
ETREABRMOEVAEFEREZEBELE T, FEICOVWTR, "HRLICIZPEFIEI—20
NT7#—XXANDEL) ZBRLTLKEE,

BEERQOR, >v—T7Z2JR., WA HOERN, BROSVWRENF D&, BEOZVRENS
WS EZRRELTVET, CORENFBHTHEVER, BROBANECAREMEN B KT,

GateModelTaskResult Braket Python SDK ® ® additional_metadata7 1 —IL RO +—7
BTFAANIELI—=23 0D SBRICTIEATEES, Dv—7 2 J R IEHZRET, KDV
CBERLENEBESPHZRIEISEFELTLKEETV, KOOD—RAIRY NE, v—T ">
TJRICTFAANIELI—232VICTIORARATEDHEZRLTVET,

print(result.additional_metadata.iongMetadata.sharpenedProbabilities)
>>> {"@0": 0.51, "11": 0.549} # sharpened probabilities
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Braket Direct

Braket Direct 292 &, BIRUESEFSIXTBREFTFNAANOERT7I7EAZFHL, EFO
BEI—TFTAVITARI YD ANCEGLTOD—I0—ROHAEZ A EZITEY), ATRAEN SRS
NEFLLVETFTFNAABEDRMRHBEEICREIAICT IV EATEEXRT,

COEIVIACORE:

e RO RNAM A

- ERNHE

T

FHgdE, BRULETFTNAANOBMEHNBET VAN AREICE) T, FHREHREORWLWEA
SVITATD1-)TED LS, JT—VO0—RORITORBERTZERICIEETEET, FHE
1 EEMLTHET, 8KHMNETF Y EITERT, EMBTREAHLVEEA. SEOFHO
EOICEFRAVENATVY RDITZFFICF1—ICAND A, FHHRICTD—IVO—RZEET
PHEZEBRTERT,

ERATFNAATI7EAOIANE, EFREIZY N (QPU) TRITITIEFRAVENAT VYR
TAaTORICBHEEEL, FHOPBICEIEET,

FHICE, XOEFIOAVE1I—RZFATEXT,

* lonQ ® Aria

s I"DA—FY K~

* QuEra® Aquila

« D4Y 7 14 ® Aspen-M-3

FHRZEATZIRAZIY

FHTERTNARAT O EAZFATRE, BFV—VO0—RORTORKERTZERICEETS
NEMEFUAEMENBONET, FRAIPNAT VY RDZIATEFVFIVRTEFTREEEL
BLT, fHODAZN—RAITHFI—ICHEHIBDCEREHYREA. FHRIET/NA ANDOHAEH
BTV CAENF®HZ 12D, FHHRREIT—IO0-—ROKATFNAALTEITEIET,
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AUFIVRTIOEAR, ARORGFETORNRATHEEOBRETEAL., ZPILTVXLZREAS D
AARNEOFVEETRETEDLSICTRILZHEOLET, RRNEERERZERTIE
BATELS, 7O TV PNFERLHOHMREZBIEICITFOSNDLSIC, BEORVWEEZLLT/NAA
FHREATD1—-)LI2EEERFILTLKEEZY, £z, SATFEPEFIVELI—ZTDT—7
2av7RE, REOKBAFICAAIEZRITIZEER. FHEEATICLZHEHLET,

cOtEUTaACORA:

- FHEERTS

« FHNTO—VO—RZETIT

s BFOFHNZEF Y EILFLEEERATC1-)L9D

FHZEFERT D

FHEERTBICE, UTOFIEICH > T Braket F—AILBBAVEDESEE L,

1. Amazon Braket AV — )L ZHE £ T,

2. EMONRA > T Braket Direct Zi#2IRL ., ¥t O3> TFNL1 ADFH ZBIRLFT,
3. FHNITBTFNAAZBIRLET,
4

CBRAREX—I) BEQEBEFREANLET, EHNCTIVIIZREMNBZE X—ITRL
AZBFEELTSLEEL,

5. T)—UO—RIEDVTHATLKEE VW, T, FHEFALTRTIZ VIO RICET B
WEADLET, B, FLEITZTHHM, BEIHN. FLRIFLIIRATI1-LBLE
TY,

6. FHNEREICTFHNEREY>I>NEHIC Braket DEFAREELSHTHEICELN HBDIEE
&, A7>a>TEREEYS I ICEAODDM S £BIRLET,

UTOFIEICRE>T, FHREERTIEOICHSBAVEDEVLEESZIEETEERT,

1. Amazon Braket A2V —)LZHAE £ T,

2. ERORATTFNA AZERL, FHNITR2TNA AZERLET,
I BMEEV>3>T, FNARAZFHN ZEBRLET,

4. BOFIEOATY T 4~6 IZRVET,
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7F#—ALZEETDE, Braket F—ALA S, FHEERTBLODRDATY THEEENIZE
X=—IFEEXRT, FHIEFEIhDE, FHARNAEX—ITREREEXT,

(@ Note
FHE, FHARN ZZTH LRICOKEEE KT,

FHERE 1 RAEULTRAAET, BEOT/NA AICEEMDO FHAREHR (F/NFOBBEEX
FHHBZEC) N H2BENHY)ET. Braket F— Ak, FHEEEIZEIC. BERBEITNT
HBELET,

FHRERBEYSIICEALERLEES. Braket F— AL E X—)L TE4EL ., Braket DEMAFRED
0Nty a3 EFRLET,

FHTO—OO—RZRITITS

FFRE, D—O0- RO TNAATRTENE T, TNAAFHPRICRITIZEFRZAVEN
ATVYRDATEZIEETDICR. BUBEFHNARN ZEATIHEN B ET,

@ Note
FHEAWS THORETFNA ALK 2 TEBRYET, FHEEKLIEZAWS THI b
DHEAFH ARN ZEHATEET, TS50, FHARN . BRULHBEZERTEZDOT
HWERTNAATORENTY,

FHFBZERARICEATZICE. FHEIICRRAIEDATEFI—ICAND EERBIRTEETT,
chsnD—o0—RiE, FHINBERENDET QUEUEDAT—RANERICBEY ET, FHHIBEEA
TNDE, F1—ICANSNED—VO—RBEEGENELIEFTRITENET, DaT72ATEK, A
RURTOVEFRAVRNEBRENET,

(® Note

FHPRICETEND2ORFED—I90—ROAKETHD1ESH., FHARN TEEENLEZAIR
Sa7OF1—OFBEEEHY)EEA,

FHOBFRAVZERTDIHOI— RH
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1. OpenQASM fomat T GHZ REZ#E T D EKZEEREL £ T,

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

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

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

C = measure q,

2. BREFHARN ZEALTEFRAVZERLET,

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
HHAHH SR H SR HBHH SRR B RH SR HBHHBHH G HH G RH SR H SR H B HH G HHEHH B HH SR H SR B G R B R HH SR B SR H SR 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.)
HHAHHAHHRAHH SRR AR RS HH A HH SRR HH SRR SRR SRR HH SRR G HHGHH SRR HH SRR H G HH R H R H R HH SRS
my_task = device.run(

program,

#
#
#
#
#
#

FHRTIO—OO—RERTTS
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reservation_arn="arn:aws:braket:us-east-1:<AccountId>:reservation/
<ReservationId>"

)

# You can also specify a particular Amazon S3 bucket location
# and the desired number of shots, when running the program.
# If no S3 location is specified, a default Amazon S3 bucket is chosen at amazon-
braket-{region}-{account_id}
# If no shot count is specified, 1000 shots are applied by default.
s3_location = ("amazon-braket-my-bucket", "opengasm-tasks")
my_task = device.run(
program,
s3_location,
shots=100,
reservation_arn="arn:aws:braket:us-east-1:<AccountId>:reservation/
<ReservationId>"

)

Braket Direct FHID/N\NA TV Y R I T #ERKTZ OO T— RAI :

1. FILIAVAXLARVIVTNEERLET,

//algorithm_script.py

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

def start_here():

# Use the device declared in the job script
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

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

for count in range(5):
task = device.run(bell, shots=100)
print(task.result().measurement_counts)

2. PLOAVXLARDVTNEFHARN ZFRALTNAT VY RZITE2ERLET,
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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>"

)

B VE—NFOAL—RZFEALTNAT VY RZITEZEHRLET,

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(0, 1)

task device.run(bell, shots=10)

measurements = task.result().measurements

return measurements

FHOFRICMAFEZSDH

FHNKRTIDE, FNAANODERT7 VAR TERLSBZYET, COFHNTFI—-ICA>TWS
BYUDD—IVO—-REEBNICF Y EILEhET,

(® Note
FHNRT L IEBRE TRUNNINGAT—RZAE 22237 @IRNTEFYy o E)LlehE
T FIVIRANEFERALT, BEORVWEEICDaTE2REDBLVBREEITZEE
BBOLET,
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FHABEP TR TIREDRENEFTHNE., EFNNFARXRTFOVCOERATFNAATOEA%E
RIEH, EETEEL A, BIZIE. 2 DD back-to-back FHEFRIZNDENDERBZETH, BRHDF
WHASRERBFORAIJEFEEENICF Y EILEchEzET, 2BBOFHNTEBREAEEA,

@ Note

FHE AWS . THOREROTFNA AT IVERAZRLET . TINA AN T A4 RIVIRET
HO2TE, HOBERITNA AZFEATEXRLEA, LA ST, EFARBICERELS, F
HNEBORE ICXHLTREENET,

BEOFNZEX Y EILFEEBERATS1-)L3%

FHFE, AT21-)EnTFHRERLO 48 KEULERICF Y EILTEXRT, Fr LTS
Ik, FYEILVITANTRIR D EFHNEBE X—ILICBELERY,

ATD21—-)2ZEITRICE. BREOFHNZEF T EILTLS, HiILLFHNEZERTIZLENHY)
£9,

EMRROT7 RNAA

Braket XX NIV =) TEFIAVEI—FT14 2 JOEMRICEEE LKL T, D—o70—KR
CEAT2EMOAAFTAZMEBLET,

Braket Direct Z/T U CIF AN—KRT7 RNAAA 723> #FT/XBICIE, Braket 1YV — )L %5
&, EAlONRA > T Braket Direct Z3RL, TF¥FARAN—KRT7RNA AE0>aVICBEBLET, A
TOIFAN—RTRNAARFTa > =2FATEET,

+ Braket D E ¥ : Braket DEXREIF 1101wy 3a> T, EBIETEAITONET, 7
74 ARFBAOY NME 30 7 & ICERTT, Braket DEPARICHAK T S &, use-case-to-device
BEEZRERRL, ZIOVXAIZ Braket ZRBEIERATZ OO0 A TS a2 & 4%EEL., Amazon
Braket Hybrid Jobs, Braket Pulse., 7 FOJ /NI KNZT>Z21L—2 32 EDHFED Braket
BEDFEAFEICETBALIOX Y F—23ZMEBITRCET, TATTHISETETCOREZRE
MWTEERT,

- Braket DEXERBICHA T Y7 I3ICE. ATy 7z2&ERL, BREER. 7—o0—
ROFFH, BLROFLEITBITAIANYIIVRNEYIZANLET,

- MATFEZROAOY RMADOALH—OB/EAIX—ILTEEET,
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® Note

BREOBER NN 1 —FT 4V JICHITIHELERICOVTIEF., AWS HR—K 2
BULWEHDERELZHEOLET, BRTHEVEBIC OV T, AWSrePost 74 —73
L FI=IE Quantum Computing Stack Exchange 292 EETEET, TR, MU
BilCEZEEh-ERZSRL., ILLWERZITRENTEEXT,

« EFN\—ROIT77AONAF—H—EX : lonQ. Oxford Quantum Circuits QuEra, & & Rigetti
F. Th¥hZHT7A7 v > aFIIb—EREZREL £T AWS Marketplace,

s Y—ERAZHFAXDICE, BRZBRLTVANEZSZRBLEY,

- O7O7 TV IFIIY—EADOFMIC OV TIE AWS Marketplace, " 7707 T v 3F )L
H—EAR G ZSRLTLEEV,

« AmazonE2FYJ1—>32F/RKR(QSL):QSL I, EFAEI—FT 12T OIFAN—NIE
FTRHRARSLCTO7 IV IFTIY—ERF—ATHY, EFAVEI—T AT ZMREN
ICHREL, cOTo7/00—0BEONTA—X 2 AZFMIZDICKIEET,

« QSL ICEKTBHICE., R 2BRL, ERERREI AT —AOFHZALLET,
« QSL F—ARK, ROATYT7ZRHMULEE X—IITEHLET,

SRERHY T HERE

MED—IO—REEHELETEDIZE, FLLVEFNBEREICTERLKTIEATEIENEET
9, BraketDirect 2 A T2 &, ATAMNBIRENEHFLVEFTF/NAARALE, FATBEZERN
BEBEANDT U1 A% Braket Y =) TEEVIVIANTEET,

—HOREBRH SR, BEOTNA AEERATEHEL, I—AT—RAICEDLELERENEHIEZY
ANBETY, DT—UVO—RIBBTBELSICRET DI, Braket Direct ZBUTUIIAR
IR T IOEANARETT,

lonQ Forte NOFHWERT7 IVt A

Braket Direct ZfFf 9% & . lonQ Forte QPU NDFHNERT7 VAN ABEICE Y £, ATHENR
S5NTVWDE®H,. COF/NA Al Braket Direct TOXKEATEE T,

HMEESEL., IonQForte N\OTF7 VA ZVITANTDIZE, ROFIBEIZRHVET,

1. Amazon Braket AV — )L ZHE £ T,
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2. £MO X _ 1 —T Braket Direct Zi#IR L , ERERH#MEET lonQ Forte ICBEBLEFT., F/N1 ADEKRTR
ZERLET,

3. Forte /N4 ADFMR—I T, BT TTNA AZTH 2BRLEX T,

4. BRI R EX—I) BEDEBREBTBREANLET, EHNICFIVIITRIEMBEE X—ILT7 RL
AZANDLET,

5, TO—70—RIEDVTHATLKEZW, T, FHNZFEALTEITIZDV—IJO0—ROFHEZ,
ZFLEITDFHNHE, BETZHN., ELEFLEIZIRATD1-IIBETEELET,

6. (F7°2a>) FHOBEBICTFNERBEY I > DI Braket DEFAREEHRTDZEICHE
DHH35EEF. Bty ay CEBULNFHD ZBRLULET,

7 —LNEEEND E, Braket F—AFRDATY TIZO2VTEBLET,

® Note

TNAADAAMENFRENTVD 2O, Forte N\OTF7 IV EARHRENTVERT ., FHlL
DVTR, SALVEDESEZWL,

QuEra Aquila TOAO—AILFFI1—Z_2TINOT7 IR

Braket Direct ZffH 9% &, QuEra AquilaQPU TO 7 OJ S X JBICO—AILF1——_2T %4
WIBDTOEAZIIVIARNTEET, COMEZFEATIE, EG/1—ILRIBGRENDEFEY
NCENEEFEITDHN ZHARTEEXT,

Azl COBBNDOTIEARAZVIIANTBICE., ROFIBEICHVET,

1. Amazon Braket AV — )L ZHE £ T,

2. ZM X Z 1 —T Braket Direct Z#iR L ., EEH#EET QuEra Aquila - local detuning IZ# &L &
T, "TUORAOEEB, 2ERLET,

BB PEX—I BEDEBABEREAILET, EPNICFIVITRIEMNEE X—ILTRL
AZABLET,

4. "TO—=U0—RIEDVWTHATLKEEZW, T, D—J0—-ROFHE, CORREZERATETE
DEFeEELET,
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QuEra Aquila DEDFWVWISAXRKNUADTIO1A

Braket Direct Z#H 9% &, QuEra AquilaQPU T7’OJ 532093 &I, IRENEDFA XK
JANDTOAZ)IITARNTEET, COMEEEZFRTDE, BEOT/NA AMEZERX TER
L. BFOFETEZBPLTOAXRNIZEETEET,

Az, COBBNDOTIEARAZVIIANTBICE., ROFIBEICHVET,

1. Amazon Braket AV — )L ZHE £ T,

2. ZM X Z 1 —T Braket Direct Z#IR L, EERHEET QuEraAquila- B A XN ICBBLE
T, "TUORAOEEB) 2ERLET,

BB PEX—I BEDEBABEREZAILET, EPNICFIVITRIEMNEE X—ILTRL
AZABLET,

4. "TO—=U0—RIEDVWTHATLKEZW, T, D—J0—ROFHE, CORREZERATDTE
DEFEEELET,

QuEra Aquila TOB LW AXRKNUADTO1A

Braket Direct Z#H 9% &, QuEra AquilaQPU T’ OJ 532093 &I, ILRENEDFA XK
JANDTOAZ)IOITARNTEET, COMEEZFRTDIE, BEOT/NA AMEZERX TER
L. EEAOOERERO BN SKEFITEERETEET,

Az, COBBNDOTIEARAZVIIANTBICE., ROFIBEICHVET,

1. Amazon Braket AV — )L ZHE £ T,

2. EM X _ 1—TT Braket Direct Zi#IRL , RERMEET QuEraAquila- BEFX KN ICBEL &
¥, "TOELADOEE, ZERLET,

. BANYEX—I) BENEBLAEREANLET, EHENICFIVIIREMEE X—ILTRL
AZABLET,

4. "ID—O0—RIEDVTHATLKEZV, T, V70— ROFMHE, COBEZFERTETE
DIZFREEELET,
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OJRFEEZRVYT

ETRAVEIEETDE, AmazonBraket SDK E AV —I)L2FEALTAT—RAEZEBHTEE

T BEFRAINTET T2 &, Braket FIEEE /- Amazon S3 DIBFICHERZREFELET, ¥1—
DRTICEL2>TR., HBIZQPUFNAATR., BETICHBEANFAABDBENHBVET, RT—FAXA
TRrroEBYTT,

« CREATED — Amazon Braket Y EF XAV &2 [FTEV) E£L I,

« QUEUED — Amazon Braket ¥ EF XAV Z2MEBL, FNAATOERTEF>TLVET,
* RUNNING-EFZRATVE QPU LB AV FNRIZAL—EF—TRITEATVET,
* COMPLETED-EFXAVN QPU 1R FVFIYV R Z1L—B—TRITEhEL I,

* FAILED-EFZAVDOETHIRITEN, KBLELE, EFFARAINKBLUEEBERICELUT, B
FRAVEBEEELTHTLSEETL,

o CANCELLED —EFRARV%ZF v I LELE, EFRAINETENEFBATLE,

cOtEVIVORE:

+ Amazon Braket SDK A" S DEF X AU DIEH

« Amazon Braket AV —J)ICKBDEFRARVODEZRI T

+ Amazon Braket UV —AD RIS}

» Amazon Braket with Amazon DA X2 K& BE7F 92 3 > EventBridge

+ Amazon |Z &% Amazon Braket ® € _ X ') 2% CloudWatch

« ZfEH L % Amazon Braket API 0% 528 CloudTrail

- Z#AL T Amazon Braket /— N7 Y O A AR A %K T S AWS CloudFormation
- BEZOFX2Y

Amazon Braket SDK "5 O EFX AT OIEHH

AR RIEF, " ZEOEFRAYV ID 2 D28 FRXAYdevice.run(...) ZE&HLET., ROHIZRT
&S5IZ, task.state() ZEALTAT—RXAZBEBLVEBHTEET,

5¥: task = device.run()RFRPARL—23 2T, 2T, DATLANEBFRAVENY Y
T2 RTREBLTVSBEEEREZRITHZENTEXRT,
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BmREZMEITS

EFUOH T Etask. result(). SDK Ik Amazon Braket D/ R—U > T &KL, BEFRXAINRT
LEAESHZBFELET, SDKIE, .tun() TEEBLER—VINTA—RZFEALET, E
FRAINTETITDE, SDKIFSINT Y MDA SERZEEBL. QuantumTaskResultA 7> T4
N&eULTRULET,

# create a circuit, specify the device and run the circuit

circ = Circuit().rx(@, 0.15).ry(1, 0.2).cnot(Q,2)

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/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

BFfRAVZFYEILTD

BEFRAVZEF Y EILTDICE, ROBICTRIESIC, cancel( DXV Y REFHUVHULET,

# cancel quantum task
task.cancel()
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status = task.state()
print('Status of task:', status)

Status of task: CANCELLING

X BT — 2 DR

ROBUZRTRSIC, BERUERBFRAVDAXART—R2HIETELRT,

# get the metadata of the quantum task

metadata = task.metadata()

# example of metadata

shots = metadatal'shots']

date = metadata['ResponseMetadata']['HTTPHeaders']['date']
# print example metadata

print("{} shots taken on {}.".format(shots, date))

# print name of the s3 bucket where the result is saved
results_bucket = metadatal'outputS3Bucket']

print('Bucket where results are stored:', results_bucket)
# print the s3 object key (folder name)
results_object_key = metadatal'outputS3Directory']
print('S3 object key:', results_object_key)

# the entire look-up string of the saved result data
look_up = 's3://'+results_bucket+'/'+results_object_key
print('S3 URI:', look_up)

1000 shots taken on Wed, 05 Aug 2020 14:44:22 GMT.
Bucket where results are stored: amazon-braket-123412341234

S3 object key: simulation-output/b68ae94b-1547-4d1d-aa92-1500b82c300d
S3 URI: s3://amazon-braket-123412341234/simulation-output/b68ae94b-1547-4d1d-

aa92-1500b82c300d

BYRAVEIEREREZRIETS

BIRAVERELLE, £E /— N7y 0EEEOVE1I—REBAUERICH—RH 5L
B 1=BAE,. —EDARN (BFRAY D) #EAL CtaskA 7S 17 hNEBBETEET, &I

task.result() ZHUTHL T, REENTVWSR SANTY "RHASERZERELET,

from braket.aws import AwsSession, AwsQuantumTask

Amazon Braket SDK A5 DEFRX AU OB
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# restore task with unique arn
task_load = AwsQuantumTask(arn=task_id)
# retrieve the result of the task

result = task_load.result()

Amazon Braket AV —J)LICKBDEFRXRATIDODE_XR) Y

Amazon Braket &, Amazon Braket 1>V —)L ZNULTCEFRAVEZET RV I 32ERBZFZE
ERMHELET, RORICRTRIDIIC, EEENEIXNTOEFRAINEFRAI 71 —)LRIZ—E

RRENET, COY—ERGU—J3a2EED TY., 2FV ., BHED TERENEEFRAID
HhERRTEXRTAWS V-3,

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding guantum tasks. Learn more [

Quantum Tasks (10+)

| & || Actions ¥

| Q. search

Quantum Task ID

d87730f0-414f-4a60-9de2-7fd18¢20f7f2

62a5b6f9-2334-4bad-af4f-a5aeebbe6032

85f05c12-c4d0-42bf-8782-b825775f057a

1fal48a2-aaaa-4948-b7df-808513145a20

aee8d2ad-a396-4¢11-9f13-9aa62db680bY

dfee97af-3aae-4e57-bd64-29d6f9521937

Status

(©) COMPLETED

&) COMPLETED

&) COMPLETED

&) COMPLETED

() COMPLETED

() COMPLETED

Device ARN

arn:aws:braket::device/quantum-simulator/amazon/sv1
arn:aws:braket::device/quantum-simulator/amazon/sv1
arn:aws:braket::device/quantum-simulator/amazon/dm1
arn:aws:braket::device/quantum-simulator/amazon/sv1
arn:aws:braket::device/quantum-simulator/amazon/sv1

arn:aws:braket::device/quantum-simulator/amazon/dm1

Created at

Sep 05, 2023 19:13 (UTC)

Aug 31,2023 19:11 (UTC)

Aug 31,2023 19:11 (UTC)

Aug 31,2023 19:11 (UTC)

Aug 31,2023 19:11 (UTC)

Aug 31,2023 19:11 (UTC)

FTET—2a2N-DSBENETRIAVERRTEXRT, BREGF, EFXAY ARN (D), AT—
ENTEXRT. ROBICRILSIC, FETS—>32
N—ZBRITDE, ATV FEBNICRTENET,

BA. TINAA, ERBEICESWNT

/= = —

172
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https://console.aws.amazon.com/braket/home

Amazon Braket

RRENA R
Amazon Braket » Quantum Tasks
(D QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [7
Quantum Tasks (10+) | @] | | Actions ¥
| Q [search 1 > @
Properties
Status Device ARN Created at
Status
Device ARN 7f (&) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
Quantum task ARN
D32 (2) COMPLETED arm:aws:braket:::device/quantum-simulator/amazon/sv1 Aug 31,2023 19:11 (UTC)
Created at
85f05c12-c4d0-42bf-8782-b825775f057a @ COMPLETED

arn:aws:braket::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)

RORIE, ZHOCHTCETHETESDZ—ENEFREAVIDICESTVWTIEFRAVZRETZH%
ALUTUVWERTtask.ido

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [4

Quantum Tasks (1) ‘ & H Actions ¥ ‘

|Q Search | (1) matches

‘ Quantum task ARN = arn:aws:braket:us-west-2:260818742045:quantum-task/4cd1a31e-61c0-469c-a9cf-a2fbe7b4e358 ‘ X ‘

‘ Clear filters
1 &
Quantum Task ID Status Device ARN Created at
. 4cd1a31e-61c0-469c-a9¢f- (%) COMPLETE arn:aws:braket::device/quantum- Aug 31,2023 19:10
- azfbe7bde358 D simulator/amazon/sv1 Q)

TSI, RORICRILSIC, BFRAVDAT—RAWR., QUEUEDREOEEZIZEZRUTITE
T, EFRATVIDZIVIYITRE, FHIR—IHNRTRENET, COR—TJICR, nEITZF
NAACHETIEFRAVDBNF I —NVENRTENET,

Amazon Braket > Quantum Tasks > 3d11c509-454d-

3d11c509-454d-4fe2-b3b9-fad6d8eab83b

Quantum task details

Quantum task ARN Status Queue position Info
1:98463111 K/3d11c509-454d-4fe2-b3bs @ QUEUED 3 (Normal)

Device ARN Created Ended
i Sep 08, 2023 19:22 (UTC)

Shots Results Status reason
100
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NATVYRIATO—BELTEBENDIEFRIAIE, F1—ICA2TLWREZILEEEIE
To NAMTVY RZITOARTREBEIZIEFRAIR,. BEOF1I—(VIBEEZRSEFT,

Braket SDK 2 7 T L IzV\WHB B, BFRZRAVENATUY RZ3TF1—OuEZ7O07F A
THBTERT, FMICOVTR, "ZAINRGTENDEZAZ2T I R=TDEZSRLTEET,

Amazon Braket U Y —ADO R T 5+

BTk, AWS UY—RIZEVETS, FLEAWS (CEINH TR HAZLBHEIRILTYT, 2TE&
JY—ALDVTHLLKHATIXEZT—ETY, FEFITE, F—LELSBHRENET, ChslE
HICF—CLEORTEFENRET, I-—HY-—HEVIHTEZRITRE, I HFF—CEZERLE
ER

Amazon Braket AV =) Tk, BFRARAVEERGF / —RNTYOICBEL., ThICEENS TSI
RITDI)ARNERTRTEXRT, FTNDENM, ZTOHIR, FLEERTDEERTSIENTEET,
BEFRRAVERER /—NTYOOERBICZT =244, 2>V —JL, AWSCLI, £k 2FHALT
BETIRTZEBTEEXTAPL

2T DER

2 EEATR E, VY—RZAFICRUDATIVICEBETERT, flxE. "ML 2T £
HTT, cOVY—RZFRBIT2EHMAZEETERT,

BERIE 2O THEHENET:
« XY F— (., RWiFECostCenter, VAT IV KN BE ), RTF—TR., ANFENMLENFRFlIEhE

ED

s RTBEERENZD AT a>nT 4—)L R (Bl: 111122223333 F /=& Production ) o XTEZHE
BIdE, ZOXNFIHZEFEALESEERALUICEYET, FIF—LRAKIC, RTETEAXFE
PXEHNXBIENET,

27, UTOZELCRIBEET,

c AWS VY —AZHBELTEEBLET, Z<0O BFEIFHFAWS O —ER ZHR—NL TV I
., BB H—EAOUY—ALZLEAURTZE)ETT, VDY—AFBELTVB I EEZRTC
ENTEEXRT,

« AWS JANZEBHLFET, AWS Billing and Cost Management FY 2 1 R—RThsnRIT %
TOTA7HLET, BEJTAWS 2FALTIANEZDEL, BAOIARNESLAR—NEE

DY—=ADRFXY 249
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FELET, FMIZOVTIK, TAWS Billing and Cost Management 1—4%—7# 4 K, ® TJA N
DRV EFERTE BSRLTLEE,

c AWS DY —ZADOT7 IV AZHBLET, FMICOVWTR., "2 Z2FRALET IV EADHIE,
ZSRLTLSEEZL,

AWS B LT 2T D54

- MBRBAXFERBRAUGE, FITFFICETEZI—HBPEBERICOVTIE., AWS 2OV T77L >
AD TAWS VDY —ZANZRTF T 25RL TS EEL,

« RTMFFOHERBRICOVTIE., TAWS 2OV TIFLUAL O "2T0G%EB4EEEN, #5RL
TLEEEL,

c RARTZI9TAARERTHTERIIODVWTR., "ZIFTONRARNTZIT 1A EAWS "X
THIEE, 25RLTEEL,

« RTDOFERZEYR—KRITBDH—EZAOUANIDOVWTIE., "UResource Groups @ X J 1 F API
D7 7L2AL Z2RBLUTLKEZ,

LTt 3> Tlk, AmazonBraket DX T I 2 FABEREZRHEL XTI,

Amazon Braket THR—RhEchdUY—2A

Amazon Braket DIXD Y —RAZA T &2 ITFHEHR—NLTVET,

e quantum-task UY—2A:
e 1)V —2Z%& : AWS::Service: :Braket

« ARN IEf5RI : arn:${Partition}:braket:${Region}:${Account}:quantum-task/
${RandomId}

5 : Braket 1Y —JL T Amazon AmazonBraket /— R 7Y O NR T2 BRABRVCEETSHICIE,
OAVY—=ILEFERALT/—RTYOUY—RICBEILETH,. /—KT Y JIEERIZIE Amazon
SageMaker VY —A T, SFHMIC DLW TIE, SageMaker RFIXI KD " /=T YO AR
VAXRT =R, BSRBRLTLEEY,

2T O FIR

Amazon Braket VY —AD R T ICIE, ROEAWNZFHRABHAEAET,
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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/awsaccountbilling/latest/aboutv2/cost-alloc-tags.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/access_tags.html
https://docs.aws.amazon.com/general/latest/gr/aws_tagging.html
https://docs.aws.amazon.com/general/latest/gr/aws_tagging.html#tag-conventions
https://docs.aws.amazon.com/general/latest/gr/aws_tagging.html#tag-best-practices
https://d1.awsstatic.com/whitepapers/aws-tagging-best-practices.pdf
https://d1.awsstatic.com/whitepapers/aws-tagging-best-practices.pdf
https://docs.aws.amazon.com/resourcegroupstagging/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/resourcegroupstagging/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-manage-access.html#resources
https://docs.aws.amazon.com/sagemaker/latest/dg/nbi-metadata.html
https://docs.aws.amazon.com/sagemaker/latest/dg/nbi-metadata.html

Amazon Braket BRES A K
« DY—RAILBI)HETBRENTEDRTDHRARE 50

s F—OHFARK: 128 XF (13— R)

- EOBRAR: 256 XF (1=0—R)

s F—LEOEWENF:a-z, A-Z, 0-9, spacek, XDXF, _ . : / =+ -ta@

« F—CLERANFENLFFXBIENET,

c F—DTLT7 14V U RawsE LT ZFEALBVWTSEZL, AWS AICFHEhTVWET,

Amazon Braket TR 2 EET S

DY —=AO7ONT1ELTRIERELET, Braket 1>V —J)L. AmazonBraket, £ &
Amazon ZEAL T, ZJZRR, BN, BE. —EXRTAPI, HIBRTZET AWS CLI, FHICOV
Tk, TAmazonBraket APl U7 7L AL Z2ZBLTLEZTL,

RTZEMTS
ATREVY—RILR., ROBELCKTEBMTERT,

e UY—AZERTRDHEES: IV a2ERATEH. AWSAPI ® CreateARL—>3 I
Tags\oX—RZEHET,

« UY—RZERLEE: AVYV—ILZERALTEFRRAVELEE / —NTVYOVY—-RIZEBHT
%h. AWS API T TagResourceARL—>3a>EZRTFHLET,

DY —AQOERFICRTZEBMTBICE. BELEXRATOVY—RAEERTHIERESBETT,

2T OERR

Amazon Braket D Z T FFAIGEZR VY —ADZ T 2R R-ITDICE, AV —IILZFEALTRAVE
/=K7Y OVY—RICBE TSN, ListTagsForResourceAPIARL — 3> #HUHL
F9 AWS,

RO AWS APION Y REFERALT, VDY—ADRTERRTEEXT,

+ AWS API: ListTagsForResource
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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

Amazon Braket BIREHA K
2T Dim&E

OAVY—I)LE2FERALTEFRARAVEERG /- TV O UVY—AILBEHTSA, AOOIX REFEAL
TEIRGARBIY—ALTERYFENLZRTDEEEETRET, FTERETEET, I°T
ICEEIRRIF—ZEETDE, TOF—DENFLEEEThET,

+ AWS API: TagResource

2T ZHIKRT D

DY —ANSRTZHIRTSICE, HIRTBDF—Z2EETHH. AV ILZFERALTEFRARY
FhEE/ —RNTYOVY—-RIIBEHTSH, UntagResourceARL—> 3V ZHTHIMBEN D
V&I,

* AWS API: UntagResource

Amazon Braket T® CLI &7 {3+ 0 4

AWS CLI Z2ERA L TLBBEE. RigetiQPU /35 X —RBZESVIEERAL TERLEBFRAY

ICERAETh 2T ZERTRAEZRIIAN ROFIZRIZALET. 2T, oIV ROKE
ICEEEThTWACEIFBELTLKEZTY, COBEE. F—ICE state DENSA SN, EICE

Washington DENFEXSNET,

aws braket create-quantum-task --action /
"{\"braketSchemaHeader\": {\"name\": \"braket.ir.jaqcd.program\", /
\"version\": \"1\"}, /
\"instructions\": [{\"angle\": 0.15, \"target\": 0, \"type\": \"rz\"}1, /
\"results\": null, /
\"basis_rotation_instructions\": null}" /
--device-arn "arn:aws:braket:::device/quantum-simulator/amazon/sv1l" /
--output-s3-bucket "my-example-braket-bucket-name" /
--output-s3-key-prefix "my-example-username" /
--shots 100 /
--device-parameters /
"{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.rigetti.rigetti_device_parameters\", /
\"version\": \"1\"}, \"paradigmParameters\": /
{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.gate_model_parameters\", /

\"version\": \"1\"}, /

Amazon Braket T® CLI &% {3 (F ¢ 4l 252



Amazon Braket MEEHAR

\"qubitCount\": 2}}" /
--tags {\"state\":\”Washington\"}

Amazon Braket APl ZfEH L =2 T {F 7

« Amazon Braket Z AL TUYV—RAICZTAPIZRETHHAF. ZHUTHELE
9 TagResourceAPI,

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tags {\"city\":
\"Seattle\"}

c DY—ANSRTZHIBRTBICIE. ZHTHEHLEFIUntagResourceAPl,

aws braket list-tags-for-resource --resource-arn $YOUR_TASK_ARN

c BEQUY—ALLTEYFENTVWBRIXRNTDRTZ—BRRITSICEF. ZHVUHLE
JListTagsForResourceAPl,

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tag-keys "[\"city
\ll , \llstate\ll] 1]

Amazon Braket with Amazon DA/ R NEBEBT7 o> 3>

EventBridge
Amazon Ik Amazon Braket EF R ATV DAT—RAZEA R & EventBridge EZX U J L&
9. Amazon Braket ' 5 D1 X ~i& EventBridge, BIEVTILRALT ICEEEhE T, BEAL

L= ZZRL T, FETRDARYEN (ARYIHFIIL-NLC—HBLEEEICBBNICRTIDT Y
2AVEBL) ZEETEET, NUA—TEREBHTI>IVICR,. RIFEENET,

« AWS Lambda BEZOET H L
« AWS Step Functions A7 — KX > OTF7 U5 171k
« Amazon SNS KREY A DB

EventBridge (&. AR ® Amazon Braket AT —RAZEAR NZEZEZRZIVIJLET,

« gauntum Z AT DREDEE
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Amazon Braket MERENAR

Amazon Braket I&, BEFRZAIVAT—RFAZEARNDOBEEZRILELET.. CchSOARVBNE
PBLSEEHE1EEBEEAETHS., EFIEANTVSAEENl B ET,

HHICOVTIEE, T 0 "TARRNEARY N/)NZ—2 EventBridgey 2B L T EE L\,

cOtEITIaI>vORAE:
s TEFRAVDAT—RAZE_AR') %3 % EventBridge
« Amazon Braket EventBridge 4 X2 ~ D4l

TEFRAVDAT—RAZEZR) YU ¥ % EventBridge

%#{EH 9% & EventBridge, Braket /" Amazon Braket EF¥ X AV ICEAT D2 AT — R ALENEH &
EETREEICRTIBRTIVIIAVEERTDI—INEERTEET, flAE, EFRATVDAT—
RANEDLDBILEVICE X=XV =27 FEETRI—IINEERTEET,

1. EventBridge & Amazon Braket 2R T2 7 VL AFAZIH D AWS 7HU > hEFRAL T ICO
JA4LET,

2. https://console.aws.amazon.com/events/ T Amazon EventBridge 1>V —J)LZHAE X9,

3. ROEZEFEAL T, EventBridge L—ILZ#ERLET,
e L=LBAT T, AIRVINEZ—2ZHFEDI)—) 2 BRLULET,
« Event source] (A R hY—R) Tld. Other] (TN 1tt) Z:#IRL £,

« [Event pattern] (4 X K/NZ—2) 292 3 2 T [Custom patterns (JSON editor)] (I A X L/\
RX—> (JSONIF 1 Z2—)) ZiBIRL, ROARKNNEZ—2BTFANIUTICBRFTET,

{
"source": [
"aws.braket"

1,
"detail-type": [
"Braket Task State Change"
]
}

Amazon Braket A S T XTHDAARNEXF YT FYFT2ICE,. ROD—RIZRTELSIC
detail-typet 923> ZBRALET,

{

"source": [

TEFRAVDAT—RAZEZAR!) > 9% EventBridge 254


https://docs.aws.amazon.com/eventbridge/latest/userguide/eventbridge-and-event-patterns.html
https://console.aws.amazon.com/events/
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"aws.braket"
]
}

« B—FYRNEALAT TE AWS DH—ER%ZEIRL., Z—7 Y b Oi&IR Tl& Amazon SNS ~
EY 2% AWS Lambda BB EDX—T'Y NZEBIRLET, X—F' Y MNE. AmazonBraket A
SEFRAAVRELZEEANRNEZEITDENIAA—ENET,

5z |£. Amazon Simple Notification Service (SNS) NEY U Z AL T, AR MFREL L
EEBLLEX—NFERTEFAMNYE—DZEETEET, CNZEITSICE. Amazon SNS

OV —=)LZEAL T Amazon SNS REY VZIER T B HEN BV ET, FHMAICOVWTIE.
F1—H—@AIC Amazon SNS ZFEA T2, 2L T EEV,

=L OERDFMCOVTIEE, "TARY DN ICRIET S Amazon EventBridge JL— )L DER ., &5
BLTLSEZL,

Amazon Braket EventBridge 4 X >/ ~ @ i

Amazon Braket Quantum R AT AT —RAZEANRRNDT7 A —=)LRIZDOVTE, T, 0O T4xR>
N&eANRRN)NBZ—2 EventBridge, Z2ZBL T EEV,

JSON O "M, 71— J)LRICE, ROBHNFRTRENET,

« quantumTaskAzrn (str): COAR MFERESNEETFRAY,

e status (A7 >3 V[str]): EFRAINBITENLEAT—R A,

« deviceArn (str): COEFRAIVNMMERE NI —HF—ICK>2>TEEThEFNA A,
* shots (int): 1—%'—Ashots ) VTAKNL 1z D,

« outputS3Bucket (str): I—H'—ICK>THEENLEHAINTY K,

- outputS3Directory (str): I—H'—NEBELLEHAF—TL T4V IR,

« createdAt (str): ISO-8601 XFIELTHEFRAY DERKRE.

- endedAt (F7°23V[str]) EFRAIVNETREILB LKA, COT1—I)LRIE. EFRAY
FERTREICBITUESAICOKTFELED,

R® JSON J— Rk, AmazonBraket Quantum Task Status Change 1 X RO flZRL TWVWE T,

"version":"Q",
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"id":"6101452d-8caf-062b-6dbc-ceb5421334c5",
"detail-type":"Braket Task State Change",
"source":"aws.braket",
"account":"012345678901",
"time":"2021-10-28TQ1:17:45Z2",
"region":"us-east-1",

"resources":[

"arn:aws:braket:us-east-1:012345678901:quantum-task/834b2led-77a7-4b36-a90c-
c776afc9a71e"
1,
"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":"2021-10-28T0Q1:17:42.8987",
"eventName" :"MODIFY",
"endedAt":"2021-10-28TQ1:17:44.735Z"

Amazon = & % Amazon Braket D E_2X ') >4 CloudWatch

Amazon Braket [& CloudWatch, raw —XZUIX&EL ., ZAEY AREKEEUTILEZALDX KN
DAZE TS Amazon ZFERALTEZR) U TEEXT, Amazon CloudWatch 1>V —JLT
BE1SAPAETICEREhEBERERZRTRIDD, BE2BBEICEHREhEXRNIIRAZRE
L T. Amazon Braket DEIEZ K V) MTEICIBEBTEE T, FHIC OV TR, "XNUTADOEA
CloudWatch ; ZZBRL T EEW,

Amazon Braket DX KU O RAEFa4 X3

XNDOARF, OEFRWEHEZTT CloudWatche X RMNU T AWK, ICRITENBIBERIIOT—XR
A RhDEY N%ERLET CloudWatche IXNTOXRNV VA, —EOTFA X3 IC&k?2T

BEATSNET, OXNIVIRATA X223 OFMICDOVTE CloudWatch, T F4 X2 3

~CloudWatch ; ZZRBL T EE ),

Amazon Braket &, Amazon Braket ICEBEDXD X N1 9 AF—22 % Amazon CloudWatch X N 1J
DAICEEFELET,
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BYRAIARNIIRA

BEFRAIVNEETZIEHEE. XMNVOAZFEATEET, CloudWatch 1>V —J)L M AWS/Braket/
By Device D FICRTRENET,

XNUORA E7L

ARPZ BYRATDH,

L4722 — COXND)DORARF, BFRAIUNFTTLEEE
ICHAEThET, BEFZAVOANHELASTET
ETHOEFBEZERLE T,

BYRAIVARNIVIDADTAX 3>

BFRAIARNY T AE, arn:aws:braket::device/xxx E WD R £1F D deviceArn/NTX—XIZE
DLFAXYIAVTRITENET,

BR—bEnBDF/NAA

HR—RENBDFNAABRFF/NALAAARN DU ARNIZDWVWTIE, "Braket /N1 A4 28BL T
<EEL, o

(@ Note

Amazon Braket /— K7 Y 2 ® CloudWatch OJ AN —ALZRRTSIZIE, Amazon
SageMaker AV =)0 /—KN7T Y O OFHMBER—ICBEL I, Amazon Braket ./ — b
7Y UDBMEKRER. SageMaker IV —)L A SFATEET,

%A L = Amazon Braket APl d%'52# CloudTrail

Amazon Braket l&, 1—%— AWS CloudTrail, O—JL, £7I& Braket ® [CKk 2> TETEh
T023aVaRRIDT—EATHD EMEAWS OH—EAXAENTVET, Amazon

i&. AmazonBraket D $ X TDAPIFOHELZ AR MEL T CloudTraill #F ¥ 7F ¥ LET, £+
TFrENLHCTHLUICE. AmazonBraket 1Y —ILA S OV H L &, Braket Braket Amazon
ARL—=23aAOI—RBEVHULIEENE T, A EERTS5EE. AmazonBraket ®

HR—RENDFNAR 27


https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html
https://console.aws.amazon.com/sagemaker/

Amazon Braket MERENAR

CloudTrail 1 X M3 E, Amazon S3/NT Y RADARY NN BEEEZEMICTZDENT
EFET, AIFERELBEVHETE, CloudTrail AV —=ILOARY NERE TRIODAXR NEXR
RCEET, ICK>TREEn-1EHEMEAHL T CloudTrail, AmazonBraket 32T AN,
DOTARNTOIPFTRLA, UOTARNE, VDOIANBRAEDHMZEIETEET,

DFMIZ DOV T CloudTrail, " AWS CloudTrail I—%—#4 Ry 282RBL T EEV,

@ Amazon Braket 5% CloudTrail

CloudTrail 7HhO > N ZERTD AWS FTHI N &, THEMICKEY ET, Amazon Braket TF

IDTFAETANRETDE, TOT VT 1ET 1(& CloudTrail 1 R NBE Ot AWS OH—E

AARVRNEEEICARYNIRBBRENETET, TREDARNERR, BR, FUO—RTE
FTAWS THIV N, FHRIZOVWTR., TAXRVNEEZFEAL K CloudTrail AR NDERT, &
SHBLTLSEETL,

Amazon Braket DA X REE AWS THI UK, DARY NOBGEHBZERERICOVTIE, nﬂﬂl‘fé
ERLET, SEHFICKY), EOY 7 7 4 )L CloudTrail # Amazon S3 /N7 Y NICEBETEE T, T
7ZIIRTR, OV —IITIARZERTRDEEZIC, SEFHFITXNTOAWS U= 3V ICBAS 1
9, fHFE, AWSN—FT14232RAOIXNTOU—230h 50/ RN2O7ICEFL, BE
L% Amazon S3NT Y MO 774N Z2WMELET. cS5IC, 1D ZREAWS ODH—EA L
T. CloudTrail QY TREENEARY RTF—REXRYFMBICHHTL., ThICEISHIEETSC
ENTEET, FMICOVTR, XKESBLTLSEEL:

o SEFFDIERD /=8 DELE
« CloudTrail H7R—hEhTVWBH—EREREE
« @ Amazon SNS BH D& E CloudTrail

c BHROU—232AS50 CloudTrail A 77 A I DZEEEBOT HD > KA S5O CloudTrail O
TJ774INDOZE

FXTD Amazon Braket 70> a ik ICk>TOJICEFEE NET CloudTrail, BlZIE,
GetQuantumTaskFE k& GetDevice7 02> 3a>aFHUOHETE, CloudTral A7 7A4I)IICI> N
DAERENETT,

BARYNELEGOTIVRNIICR, #FVIIARNEZERLEAEVSBBIEENE T, 74T
DTATARRIE. ATZHBITROICRIUIEET:

s UOIAMO-LNEER7IFL—2320—H—0OT2RZVBEF1I) T 1 RABREER
LTThbhnlzprE&sh,
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« UDOTARY, BIO AWS DY —ERICL > TEFENLELESH,

M DV TIE, CloudTrail userldentity Elementy 228 L T &L\,

Amazon Braket A7 7 74T N OBLE

AEERE. IBEL K Amazon S3NNT Y MCAR N EOTJ 774 ELTEBETEDRSICTIHRE
T9, CloudTral A 7 7AI)ICE 1 2 EOOJ I NUNEENTET, IXRVNEEEDY —
ANSOE—QOUIVIARNZRL, UOTANENETO>3>, PO3a>oRE, UDOTARMN
TA—BBEILETIBERNIEENET, CloudTrail AT 77 A4 IIIK/NT VY JAPIO—IL O JEF+
FTSNEAZRYIORL—ATRBEVLEYD, BEDIEFTRERREAEEA,

ROBITIE, BFRZAYVDFMZEEEB TS GetQuantumTask 70> 3a>oOd I N ERLE
9,

{
"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {

"sessionIssuer": {
"type": "Role",
"principalId": "foobar",
" "foobar",
"accountId": "foobar",
"userName": "foobar"

.

"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:56:57Z"

arn :

}
}
},
"eventTime": "2020-08-07T01:00:08Z",
"eventSource": "braket.amazonaws.com",
"eventName": "GetQuantumTask",
"awsRegion": "us-east-1",
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"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"

LTI, FINAARAARY SNOFMZIRT GetDevice 723> 0OJ IV NJZRLET,

"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",
"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",
"sessionContext": {
"sessionIssuer": {
"type": "Role",
"principalId": "foobar",

arn":
"accountId": "foobar",
"userName": "foobar"

.

"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:46:29Z"

"foobar",

}
},
"eventTime": "2020-08-07T00:46:327",
"eventSource": "braket.amazonaws.com",
"eventName": "GetDevice",
"awsRegion": "us-east-1",
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"sourceIPAddress": "foobar",
"userAgent": "Boto3/1.14.33 Python/3.7.6 Linux/4.14.158-129.185.amzn2.x86_64 exec-
env/AWS_ECS_FARGATE Botocore/1.17.33",

"errorCode": "404",
"requestParameters": {

"deviceArn": "foobar"
iy

"responseElements": null,

"requestID": "c614858b-4dcf-43bd-83c9-bcf9f17f522e",
"eventID": "9642512a-478b-4e7b-9f34-75ba5a3408eb",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

ZEHAL T AmazonBraket /— N7 YO A AR AZERT S
AWS CloudFormation

AWS CloudFormation ZfEfH L T, AmazonBraket /— N7 Y OAL VAR AEEEBTESE

¥, Braket /— N7 Y O A4 AR Ak Amazon LICEEE N TWET SageMaker, EHT D &
CloudFormation, ERIU EREZZERTED T TL—KNT7 74N EZEALT/ —NTVYIAL AR
DAER7OED3a - I0TEET, 707L—NT774)LIE JSON £ &k YAML EX TididE nE
To AVARADER. FF. BIBRIE, IEFAD DEVIRLAIBER A ETITOCENTEET,
nix., TEROBraket /—RNTYIVA 2V REZVAREBITDHEICENTTAWS THT N,

Braket /— N7 Y 2 ® CloudFormation 7> 7L — N %Z4 KL /=5, AWS CloudFormation % & F
LTUY—REF7O/4MLFT, FHICOVTRK, I—%—H4 KD AWS CloudFormation "1/
V—=I)LTDOARY 7 DOIEKAWS CloudFormation ; B L T &L,

ZERAL T Braket /—RNT Y IA VAR A%ZAERT B IZIE CloudFormation, JX® 3 DOATY 7
ZERITLET,

1. Amazon SageMaker 24 73 A VLB EARAV VT N ZEERLET,

2. N"5l& 2 (% AWS Ildentity and Access Management (IAM) O—JL % #ER L £ 3 SageMaker,

3. L7 14Y ANV SageMaker /— KT Y VA2 AR A% R T % amazon-braket-

SATHAOINEERE., ERLETXTO Braket /— RN 7Y O TBRIATEET, £k, BUETT
TOELAHFA#EV) YT/ Braket /— N7 YOO IAMO— /)L Z2BRATREETEET,
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https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/cfn-console-create-stack.html
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AT Y 7 1: Amazon SageMaker 54 7H A VILBREARI VT NEERT S

ROT7TL—NZEAL T, SageMaker 74 7H A VILEBEAI VT N #ERLET,
DAY ') T N& Braket ® SageMaker /— KT Y DAL VARV ABHARIAALET,

Z4A4 7434 )l CloudFormation UV —RADEREA 7> I3 ICO2VWTR, I—H—HA K

D AWS::SageMaker::NotebookInstanceLifecycleConfigAWS CloudFormation ", ZZ8RBL <&
Wo

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-1cc.zip braket-
notebook-lcc.zip

unzip braket-notebook-lcc.zip

./install.sh

EOS

exit 0

AT Y 7 2: Amazon A'5|EZ(+5 IAM O—)L Z4EK 9% SageMaker

Braket /—RNT Y VA VARV A EATRHE, I —ICRb>TARL—> 3>
SageMaker ZETLET, AL, YR—FEhTVBEF/NA ATEEZFEHL T Braket ./ —
N7V O%RTTDELET, /—NTVYIA ARV ARNT, & Braket TAXRL—> 3>
SageMaker ZR{TLFE T, /—N7 v UR{TO—)l SageMaker &, 1—H—ICKbH>TRTT
EDEMEBARL—3ZEELET, FMICOVWTE., TAmazon ROV /N—HA K O "
SageMaker O—)L s ZZB L T<E&E ), SageMaker

ROBIEEHL T, BEXT L AHAERD Braket /— k7Y VEFO—-LEERLET, KE
CISUTRUS — 2 BETEET,
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® Note

O—J)LIZ, 7L 74 Y 9N ® Amazon S3 /N7 Y MZX TS s3:ListBucket®

KU s3:GetObjectARL —2a>OTF VAT HD & =ZHERLE
Fbraketnotebookcdk-"o T4 7H A VIEREARY T MIIE, Braket /—RT Y I D
AVARN =LAV T N EZIE—FBEHDNSOT IV EAHFANVETT,

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

ATYT 3 7L 7 14Yv O A%EED Amazon SageMaker /—KT Y O 4>
AR ABERT S amazon-braket-

ATYT1ERTY T 2 TERL - SageMaker 54 7H A4 I AV U7 RE IAMO—)L
ZEAL T, SageMaker /— KT Y IA VARV ABRERLET, /—NTVYIALVARR
> Al Braket RICHAZN A XENTEHY, Amazon Braket IV —IASTFT UV EATE
£9., <O CloudFormation JY—ADEREA 7> IV OFMIIOVWTR, I—F—HA R
MO AWS::SageMaker::NotebooklnstanceAWS CloudFormation "y ZZBL TS &L\,

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

BEEOFY

OA—Z2FAL T, FRAVREBTOLALBFZRETEET, chSOBESOFVITHEMICKV,
NYOTZ IV RR=IVT%2#EL, BTTNYITIBLEHOLI—REERTERT,

OA—zFEATHICE. /NFX—2Rpoll_timeout_seconds& poll_interval_seconds/\Z
X—2Z2BELT, EFFAVERBERITL, EFRAVOARAT—RXRAZBRGEMIZOTICEERL .,
RRETTAINICRETDCEEZHRBLET, COI—R%Z Jupyter /— KT Y U TlE7%4< Python
AVVTNIEELT, AOVTRNENY OISOV RTTORAELTRITTESDELSICLET,

OA—&BETS
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https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-sagemaker-notebookinstance.html

Amazon Braket MEEHAR

£9., ROBPIOTICRTESIC, IXTOOTNFTFARNTIZAIILNICEBNICEEAENDLSIC,
OHN—%&RELET,

# 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=1log_file, mode='a'))

# add to file all log messages with level DEBUG or above
logger.setlLevel(logging.DEBUG)

Task info will be logged in: device_logs-20200803203309.txt

B ZERL TRITTD

T, EAREERL., ITTED2TFNAAILEELT, COHICRTEISICANRB>TWVWRD D %5
W CEET,

# 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/sv1l")
# 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

)
OJ7 74\ %2®ET>
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RREHA R

RDIAXY RZADLT, 77A4IINICEEIAETENDINEEZHIABTEERT,

# print logs
! cat {log_file}

Task arn:aws:braket:us-west-2:123412341234:

task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4:

Task arn:aws:braket:us-west-2:123412341234:

task/5088ec6c-89cf-4338-9750-9f5bb12a0@dcs:

Task arn:aws:braket:us-west-2:123412341234:

task/5088ec6c-89cf-4338-9750-9f5bb12a0@dcs:

Task arn:aws:braket:us-west-2:123412341234:

task/5088ec6c-89cf-4338-9750-9f5bb12a0@dcs:

Task arn:aws:braket:us-west-2:123412341234:

task/5088ec6c-89cf-4338-9750-9f5bb12a0@dcs:

Task arn:aws:braket:us-west-2:123412341234:

task/5088ec6c-89cf-4338-9750-9f5bb12a@dcs4:

Task arn:aws:braket:us-west-2:123412341234:

task/5088ec6c-89cf-4338-9750-9f5bb12a0@dcs:

Counter({'00001': 493, '@Q0011': 493, '@010@1': 5, '1@111': 4, '01011': 3,

OJ774)H 5 ARN ZEE T %

quantum-

start polling for completion
quantum-

task status CREATED
quantum-

task status CREATED
quantum-

task status QUEUED
quantum-

task status RUNNING
quantum-

task status RUNNING
quantum-

task status COMPLETED

'10101"': 23})

BOBIICRTRSIC, BENBOJT77MINOHLANS, ARNBERZERETEEXT, ARNID Z2fE
A3%&, RTLEEBFRAVDERZMBTERT,

# parse log file for arn
with open(log_file) as openfile:
for line in openfile:
for part in line.split():

if "arn:" in part:
arn = part
break

# remove final semicolon in logs
arn = arn[:-1]

# with this arn you can restore again task

from unique arn

task_load = AwsQuantumTask(arn=arn, aws_session=AwsSession())

# get results of task
result = task_load.result()

sEZOF>Y
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Amazon Braket Dtz 1157«

ZDEIE, Amazon Braket DFEARKICEEREETETFINEDLS ICBRAET NN EBHE T EHIC
BIABEET, CTR, EF1VFAROAVT AT AICETRZEEZIERTE DK S ICAmazon
Braket ZERET D HEICDVWTHBAL ET, £/, Amazon Braket AWS D —ERA VY —ANE
RERBERIDZOMOEVLGICODOVWTEZFTET,

AWS TRIZIREFIVTANREBESETY, tF1VT A Z2HREERIZBBOEHZRC
TEOICBEENEAWS OTF—REE—ERY RND—OT7—FTU0F vk, BERICKE<SER
LET. BFHEE., BFEOT—XOHEEMNE, 2EOEH, SIVOCEATRSEESITRHZED
HOERICODWTEERZEBVLET,

t¥a1UF1OEEHRE

EFIVT A, AWS EEEROBORERETT, EAHEETILTRE. COEEHFVFTROD
EFIVFABKRTIVTZTVRAOEFIVTAELTHATATVET,

c DT RDEFI1IVFTA4 —AWS I, AWS VTR TAWS ODH—E R ZRITIBRATFTA
RSOF+E2REITDETZEVET, TELAWS . BEENEATH I —ERZZEICRHEL
F9, Y—RN—F1—0EEARK, A WSOV T FATFAT7OTZ L O—RELT, £F2 )
TADENHZERNICTANS KRTKRILL £9, Amazon Braket [CERAE N2 A TZ/4 T
AZ7AO0ZALICDOWTR, "TAWSOAV T SA T AT7O0ZALNONEY—E A, 258BL TL
ZEV,

c DT RODEFIVTA —AWS CODA VT ZARTIOFYTRANENTWVWA AT UOVZEE
BI2EAEBEFRICHYET, cOAVTUVICEK, TS AWS O —EAO+EF21 1)
TABREBBRAAINEENET,

5 — 2R

AWShttps://aws.amazon.com/compliance/shared-responsibility-model/ Amazon Braket ® 7 — X {R &
ICHATNET, cOEFILTHATNTWVWEIRSIC, AWSE, AWS VTR OIXNTERETT

P90-NNAVITZARNZIOF T ZREIDNHVET, BERRE., COAVTTARNTIFFT
RARENATVROAVTUOVICRIDERZHMBIBDEEN BV ET, £, FHTS AWS OH—
EADEFI1VFTARELEBRRVE LY —0OEFERBYET, T—RTTA4/N—OFMICO
WTlE, TF—R7FAN—DI<HDER, 2SBLTLKLEETV, BMNTOF—XREOFMIC
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https://aws.amazon.com/compliance/data-privacy-faq
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20T, TAWS X1 UFT«4707, CRF\E iz TAWS EEHEEFIL S LV GDPRy ©O7
OJREZ2ZRBLTEETL,

T—REREBEITRLEH., AWSTHU N OFRIFEHRZRZEL. AWS IAM Identity Center E 7= (&
AWS Identity and Access Management (IAM) ZFERA L TEY O I1—HY—%ZtEY N7V TR L%
BEOLET, COFEICEKY, ThEIhODITEETIDEDICHAELREROAEZRZEI—HF—IC
NETEET, T, ROBETT—REREITDEZHEITIHLET,

« BTNV NTHERFRF (MFA) ZEALET,

« SSLTLS ZFEALTAWS DY —RAEBELET, TLS12 FBATT, TLS1.3NFMHEREIFE
9,

« AWS CloudTrail T APl £ 1—H—F O T4 ETAOFX T2y NTYTLET,

« AWS DH—EANTF7FIILRTHD, IXTOEFIVFAEEICMA., AWS OEES{LY
)i1—2a>aFEALET,

« Amazon Macie BENFERNFZF— REF1IVFAH—ERAZFALET, chsld, Amazon
SBICRFEENTLVAHMETF—IOREEREBEZXIELET,

« ARVRSAVAVE—TIAARATLEIEAPIICKY) AWS ICT7 VAT B EEIZ FIPS 140-2 #5E
BRESHED 1—IINIBELEFEE., FIPSTVRRAVNEFERALET. FATEES FIPS T
Y RRA NOFMICOVTIE, TEDPBFHRONEESE (FIPS) 140-2, 2SBLTLEEV,

BEODEX—I)IT7RLABEDKBERPEEERIE. XTX¥ Name 71 —/LRBEEODEHAERD
74—=)LRIZADLEVC L ZBLSBEHLET, ChiZlE, I>VY—JL, APIAWSCLI, £
AWS SDK AWS OH—E A Z A L T Amazon Braket X Z D DY — )L 2 BRETZBEEEEN
F£9, BHICEATI2ERHRRDTFARNT A —ILRRRTICAALETF—ZE., FEX2HOTIC
FHENZBEENHYVET, ABY—/N—ADO URL ZEHITZHEEE. TOH—NN—ADUIITA
NERIETDEOHDORABEHREZ URL ICEDBEVKSICEBSBBOLET,

T — 2 REF

90 H#. Amazon Braket F TN THDEFRATVID EEFRAVILEEITZIZTDMHEOXRXT—2%
BEMWICHIBRLET, COTF—ZREFRIV—OBEREL T, ChSsDRAVERHRIFSINTY M
ICREFEESNEEETITAN. AmazonBraket IV =LA SOBRETIIEMETELELBEYET,

SSNTY KNI BUERFEATVIBENEFRAVRRERICT I EATZIHLENHZ5E
k. FAVDETDT—RIEEITZTOMOXET—RZFRERL THBENBYNET, &
T BAETICEHRERFL TISEEV, TORFENLEREZEALT. BET—XZHBTE
£
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https://aws.amazon.com/blogs/security/the-aws-shared-responsibility-model-and-gdpr/
https://aws.amazon.com/compliance/fips/
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Amazon Braket \ODT7 VA= EE T3

COETIE, Amazon Braket ZRTL 1Y, HEOI—H—XO-ILOT7 IV AZFHRLEY TS
EOICHERERICOVWTHBALET, XELERE., 7HUMAOEOI—HY—FEFO-)LIC
ENE (FLRIER) TEEXRT, TOLEDHIZE, UTOEIZIVTHATDERSIC. THIVRD
FTOI1—Y—FEEO—)LIZEY%A Amazon Braket KU —&2T7 X2 Y FLET,

BIIR%Z M & LT, Amazon Braket ZEICLFE T, Braket ZBRICT B ICIF. 4T (1) EEEER
ZEOI—HY—FLEAO-ILNELTHA 12T 3D, (2) AmazonBraketFullAccessR ) > — A Elt)
% TS5 N TLVWT Amazon Simple Storage Service (Amazon S3) /N7 Y N &EK T2 HERZF DI —
HF—FKEFO-ILELTHA2 142 LTLSEET W,

COEOVIAVOAR:
* Amazon Braket ® 1)V — X
e J—KNT7voE&O—I

» AmazonBraketFullAccess7R1) > —IZ D\ T

» AmazonBraketJobsExecutionPolicy7R ) =~ —IZ D\ T

s BEDTNAANDI—HY—TIOtAZHERTS

« Amazon Braket AWS OEERU S —DEH

s BED/—KNT VDA VABRV AN YT IOERAZHRLET,
s BEDSINT Y MMOI—HY—TFT U ERAEFHRLET,

Amazon Braket ® )Y — A
Braket &, 94 RALARAINVY—REWVWS1D20RATDO)Y—REERLET, COUY—RA
247 ® Amazon )Y —AZ—/I (ARN) RO ES Y TT,

e UY=L HY—ERAWS: 755 v K~

« ARN EREZR:am: ${N\—T 123>y 754y N§ g} $ {7 HV > K} quantum-task/$ {}
Randomld
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J—h7voenO-—-)

Braket TR/ —KRT Y I VY—ARATEFEATEEY., /— T YU E Braket B TES
Amazon SageMaker VY —R T, Braket T/—KNT7 VY U RFEATSICIE,. THEDRF O IAM
O—ILZEETIHENH'Y) ET., AmazonBraketServiceSageMakerNotebook

J=RNT v OERTRICE. EBREEREZRIZE DO-L, FLEATOAFAVRID—HFTRY
FENEO-IINZERATILEN BN ET,

{
"Version": "2012-10-17",
"Statement": [
{
"Effect": "Allow",
"Action": "iam:CreateRole",
"Resource": "arn:aws:iam::*:role/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
I
{

"Effect": "Allow",
"Action": "iam:CreatePolicy",
"Resource": [
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
]
I
{
"Effect": "Allow",
"Action": "iam:AttachRolePolicy",
"Resource": "arn:aws:iam::*:role/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*"

]

J—K7voeO—I) 270



Amazon Braket MEEHAR

O—)LZERTDICE. T/ —RTYOOERI R—OFEICHSH., BEEZECERZRBEL TL
& W, AmazonBraketFullAccess R > —HNRFEchTVWBD &R LET,

O—)LZERKLES. SEBEITRAIRNTO/ —KNITvoTEOO-IILZBINATEET,
AmazonBraketFullAccess7R S —IZ DWW\ T

AmazonBraketFullAccessC DR > —lk, LTORAVICHTBDT UV A#ER%Z ST Amazon
Braket AR L —> 3> OTF7 IV A#ERERFELE T,

« Amazon Elastic Container L ARNUAS AT+ A7 O— RT3 — Amazon Braket /\1 7

)y ROATHEEICERATND AT FAX—DERAIRAATEIO—RLET, IVTFHE
Farn: aws: ecr:: repository/amazon-brakety OFERICERLL TVDHREHF HV ET,

« AWS CloudTrail O Z2fRE — VTV ORBEKERFL, XMUIAT7A4IILEZOTAN, OFA4RV K
D7ANRVTICMAT, 3HA, MEB, —"BERXRROINTOT7IZIVICERAENET, AWS
CloudTraill O 7 7AWk, ZHAD NTHREL X TOH Amazon Braket API 7 V71 E
TADERNEENET,

s O—/LZRMALTIVY—REEE —THINIY—ERICVVVEhiO-)LZERKL
£9, H—EARALCU&cnzO0-)LE&E, AWS I—H—IZRHL>TUY—-RILTFTIEAT
ZFTJ, Amazon Braket Y —EATOAFERATEET, £/, IAM O—JL%& Amazon Braket
CreateJob API IZEL., O—J)LZ4#ERKL T, AmazonBraketFullAccess TN O—J)LIC A=A
REENLERIS—BTRYFIBREETEERT,

s PHOVKNOERRROAT 774N Z2ERB T EHIC, OJTI—7, OTJ4 KRN, 2007
IIN—T%ERTD — FTHI> NAD Amazon Braket DFEARRICETZOF > JEHREHERK.
RIF. "RRTD. N\A7Vy R2a7FToOTIN—TDIITIUXKNIIR, B Braket /N A%
B, OJTF—ZRZANTEDLRSICTD, XNUYIF—READLTLEEV, CloudWatch

« Amazon S3/N\T Y NZTF—ZRZERL TREL, IXTONTY NZE—EBERRTD —S3 N7V
NEERTDICE. PHAIRNRAO SN Y NE—8XRRL., BEIH amazon-braket-TIEES
THIRONTY MCATSITORNEANEYEBLEY LET, Braket FRIBEANDETF R
ARVDERZECT7ANZNTY MCANEEY, NTYRASEBLEYTSICE. ChsniE
RABETT,

s AMO=)ZET —IAMO—)L%ZIZELET, Createlob API
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- Amazon SageMaker /— K7 ¥ 2 — Tarn: aws: sagemaker:: notebook-instance/amazon-
braket-; SageMaker DY —AZRRETD / — N TV IA VAR ARERB RVERBLE
EE

o H—ERU *—RO#KFE — SageMaker ./ — K7 ¥ U & Amazon Braket Hybrid 2 3 7 Z R T %
W, VDV=ABATHAO NI —RZBAD_ERFRTEEEA,

RIZ—OAR

"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-*"
I
{

"Effect": "Allow",

"Action": [

"s3:ListAl1lMyBuckets",
"servicequotas:GetServiceQuota",
"cloudwatch:GetMetricData"

1,

"Resource": "*"

},
{

"Effect": "Allow",

"Action": [
"ecr:GetDownloadUrlForLayer",
"ecr:BatchGetImage",
"ecr:BatchCheckLayerAvailability"

1,

"Resource'": "arn:aws:ecr:*:*:repository/amazon-braket*"

I
{
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"Effect": "Allow",
"Action": [
"ecr:GetAuthorizationToken"

1,

"Resource": "*"

"Effect": "Allow",

"Action": [
"logs:Describe*",
"logs:Get*",
"logs:List*",
"logs:StartQuery",
"logs:StopQuery",
"logs:TestMetricFilter",
"logs:FilterLogEvents"

1,

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"

"Effect": "Allow",

"Action": [
"iam:ListRoles",

"iam:ListRolePolicies",

iam:GetRole",

iam:GetRolePolicy",

jam:ListAttachedRolePolicies"

1,

"Resource": "*"

"Effect": "Allow",
"Action": [
"sagemaker:ListNotebookInstances"

]I

"Resource": "*"

"Effect": "Allow",

"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl",
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
"sagemaker:DescribeNotebookInstance",

AmazonBraketFullAccessR1) > —IZ DWW T

273



Amazon Braket MERENAR

"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance",
"sagemaker:UpdateNotebookInstance",
"sagemaker:ListTags",
"sagemaker:AddTags",
"sagemaker:DeleteTags"

1,
"Resource": "arn:aws:sagemaker:*:*:notebook-instance/amazon-braket-*"
1,
{
"Effect": "Allow",
"Action": [
"sagemaker:DescribeNotebookInstanceLifecycleConfig",
"sagemaker:CreateNotebookInstancelLifecycleConfig",
"sagemaker:DeleteNotebookInstancelLifecycleConfig",
"sagemaker:ListNotebookInstancelLifecycleConfigs",
"sagemaker:UpdateNotebookInstancelLifecycleConfig"
1,
"Resource": "arn:aws:sagemaker:*:*:notebook-instance-lifecycle-config/
amazon-braket-*"
1,
{
"Effect": "Allow",
"Action": "braket:*",
"Resource": "*"
1,
{
"Effect": "Allow",
"Action": "iam:CreateServicelLinkedRole",
"Resource": "arn:aws:iam::*:role/aws-service-role/braket.amazonaws.com/

AWSServiceRoleForAmazonBraket*",
"Condition": {
"StringEquals": {
"iam:AWSServiceName": "braket.amazonaws.com"

"Effect": "Allow",
"Action": [
"iam:PassRole"
1,
"Resource": "arn:aws:iam::*:role/service-role/
AmazonBraketServiceSageMakerNotebookRole*",
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"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,
"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"
},
{

"Effect": "Allow",
"Action": "cloudwatch:PutMetricData",

AmazonBraketFullAccessR1) > —IZ DWW T 275



Amazon Braket MEEHAR

"Resource": "*"

"Condition": {
"StringEquals": {

"cloudwatch:namespace": "/aws/braket"

’

}

AmazonBraketJobsExecutionPolicy7R ) 2 —IC DWW T

AmazonBraketJobsExecutionPolicy Z 7R ) > —(&, Amazon Braket /\/ 7)Y R a7 THERAEh
BPETO-NICROESICT UV ERAERZFELET,

« Amazon Elastic A7+ L ANUASOAYTFHOA 7> O— R-Amazon Braket /\1 71U v R
TATHMEILERETND AV THFAX—D R, FUVO—RITB#ER. > 7F I Tamn:
aws: ecr: *: repository/amazon-braket* ;s OFRICERL TWBIBENFHV ET,

« PHOORNOERRRAOT 77 AN EBRBTDEHIC, OTTIN—T2ERKL, /IR NEZHR
L, Q9L —7%20TJ)LET, PTHU>2 DO Amazon Braket ODFERRRTICET 2O 15HK
EER, ®RF. RRLET. \A7Uy RZa7ToOIdIIN—T0O0ITIXNIIR, B
Braket/ N\AZE®, OTFTF—RFZANTEDELDICTD, XNV IF—REZANLTLKES
L. CloudWatch

« Amazon SANT Y NIF—RZ2REF—THIONADOSINTY hE—EBRRL., BREIIC
amazon-braket-THEZ T WO MAOEZEONT Y NMIAT IO RNEAN, BLET,
NS DIERIE, DEBENEEFRAVOERZEL 7 714 )L ZBrakethH /N7 Y NZANEY ., N
TYRNDPSEBLEYITRLEHIZHETT,

s AMO—I)LZET —IAMO—)LZIZELET, CreateJob APIO—/LIE arn: aws: iam:: * * O
ICRESRENHV) £, :role/service-role/AmazonBraketJobsExecutionRole

"Version": "2012-10-17",

"Statement": [

{
"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject",
"s3:ListBucket",
"s3:CreateBucket",
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"s3:PutBucketPublicAccessBlock",
"s3:PutBucketPolicy"

1,

"Resource": "arn:aws:s3:::amazon-braket-*"
},
{

"Effect": "Allow",

"Action": [

"ecr:GetDownloadUrlForLayer",

"ecr:BatchGetImage",

"ecr:BatchCheckLayerAvailability"
1,

"Resource'": "arn:aws:ecr:*:*:repository/amazon-braket*"

iy
{
"Effect": "Allow",

"Action": [
"ecr:GetAuthorizationToken"

1,

"Resource": "*"
},
{

"Effect": "Allow",
"Action": [

"braket:CancelJob",
"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": "*"

I

{
"Effect": "Allow",

"Action": [
"iam:PassRole"

AmazonBraketJobsExecutionPolicy7R1J > —IZ DWW T
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]I

"Resource": "arn:aws:iam::*:role/service-role/AmazonBraketJobsExecutionRole*",

"Condition": {

"StringlLike": {
"iam:PassedToService": [
"braket.amazonaws.com"

]

}
iy

{
"Effect": "Allow",

"Action": [

"iam:ListRoles"

1,

"Resource": "arn:aws:iam::*:role/*"
I

{
"Effect": "Allow",

"Action": [
"logs:GetQueryResults"
1,
"Resource": [
"arn:aws:logs:*:*:log-group:*"
]
I

{
"Effect": "Allow",

"Action": [
"logs:PutLogEvents",
"logs:CreatelLogStream",
"logs:CreatelLogGroup",
"logs:GetLogEvents",
"logs:DescribelogStreams",
"logs:StartQuery",
"logs:StopQuery"

1,

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"
},
{

"Effect": "Allow",

"Action": "cloudwatch:PutMetricData",

"Resource": "*",

"Condition": {

AmazonBraketJobsExecutionPolicy7R1J > —IZ DWW T
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"StringEquals": {
"cloudwatch:namespace": "/aws/braket"

BEDTNAANDI—HF—T IO EAZHRTS

BEOI—H—ICLBDIEED Braket F/NA ANODT 7 AZHRIZICE,. BEOO—-LIZT &
AEREBRISD—ZEMTEERT, IAM

COERSBIERTRHUTOT Va2 %ZHIBETEET,

« CreateQuantumTask-88ELETFNA ATHEFRAVERZEERT S,
« CreateJob-EELEFNAARATONATUY RE3aTOEREEELET,
« GetDevice-#8ELETFNA ADOFHBEROMEBZEERT S,

ROBITE, OIXTOQPUANDT I EAZFRLTWVWET. AWS 7HT2 b 123456789012

{
"Version": "2012-10-17",

"Statement": [

{

"Effect": "Deny",

"Action": [
"braket:CreateQuantumTask",
"braket:CreateJob",
"braket:GetDevice"

1,

"Resource": [

"arn:aws:braket:*:*:device/qpu/*"

]

}
]
}

COO—REBATSICE. AmazonfiOBITRL XTI EHBHIRT/NA AOYY —RAES
(ARN) CBZHMAET. COXFHF, UY—REEETLET. Braket TR, FNAREW, B
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FRAVEZRITIDLEOICHVEHTIENTED QPU RLERI1IL—F—2RLET., FATRE
BTFNARAE, FNAAR—FJIE-ERRENET, chSDTFNAANDT IV EAZEETD D
ICERATRIAF—XE22HYET,

* arn:aws:braket:<region>:<account id>:device/qpu/<provider>/<device_id>

* arn:aws:braket:<region>:<account id>:device/quantum-simulator/<provider>/
<device_id>

ERERBEATOTNARAT IV EADHZRICRLET,

s NIV =232 TINTO QPU ZERTBDICEXDODFIEZRITLET,
arn:aws:braket:*:*:device/qpu/*

c us-west-2 =32 0OINTO QPU DA ZBIRIBICHEXDFIEZRITLET,
arn:aws:braket:us-west-2:123456789012:device/qpu/*

- BERRIC, us-west-2 V=232 DINTO QPU DA EBIRTDHE (FNA ARY—ERAVY—X
THY), BREVY—ATRAEVE®H): arn:aws:braket:us-west-2:* :device/qpu/*

s INTOAVTFIVRIZAL—BRFNAANDOT I EAZHRTSIC
([F:arn:aws:braket:* :123456789012:device/quantum-simulator/*

« us-east-1 lonQ Harmony U—2a> O FNA ANDOT VA EHIRT S IC
[&:arn:aws:braket:us-east-1:123456789012:device/iong/Harmony

s BEOZ7OANAZ—DOTFNA A (FINAARBE)NOT IV AZFHBR TS ICIE
RigettiQPU:arn:aws:braket:* :123456789012:device/qpu/rigetti/*

s TNIFNAANOT O AZHIRTS(CE:arn:aws:braket:* :123456789012:device/
quantum-simulator/amazon/tnl

Amazon Braket AWS OEIERI S —DEH

RDREF, COY—EANZEDERHZRKL TH SO Braket AWS OEERD S —DEFHICETS
HMERLTLVET,

rE Bk =E§)
AmazonBraketFullAccess-Braket ® 7). RUL—ICH—ERA D *— 2023 £ 3 A 24 H
TOBEAR)S— X :GetServiceQuotaF7 7 < =

~ & cloudwatch: GetMetric

Amazon Braket AWS Q&R > —DEH 280


https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html

Amazon Braket

RREHA R

rE

AmazonBraketFullAccess-Braket @ 7 )L
ToOtEAR)S—

AmazonBraketJobsExecutionPolicy-
Amazon Braket /\1 7Y R a7 n
NAT VY ROITRITRIS —

Braket FZENEHZRKLFL I,

S

Data 79> 3a>%ZEMLEL
J=» AmazonBraketFullAccess

750y NAREHK iam:
PassRole AmazonBraketFullAc
cess NAZEHDHDIE
PR, service-role/

Braket I, NAZEOL LD
WCN\NA7 VY RDOITERLT
O—J)L ARN ZEHLEL

o, service-role/

=E§)

2021 £ 11 A 29
H

2021 11 A 29
H

Braket AWS FEERUS—NDZE 2021 F£11 B 29

EZEBHLBOEL L,

H

BED/ —RNTYIAVAB VAN I —T IO AZHRLET,

BEOI—Y—I_&LDEEDBraket /— N T Y ITALVABRVAANDT IV AZFIBRTZICIE, BE
oO—J), 1—Y—, FEREIN—TICT7 OV ERAFAERRI—E2BMTEEXT,

UToflTE, RUS—ZHEFEALT. AOBED/—KNTYIA ARV A%EE. FL1E,

BROTIVEATRIEOOHEREZMENICHBRLTVWET, COAVRAEV AL AWS THI >
N 123456789012, P UL AN BEARI—H— (LexlE. EVWSEHO/ —NTYIL4 2 RR
VANDT IV AEN T EENET) amazon-braket-Alice ICETWTHRFNAMT TS TVE

¥, Alice

{
"Version": "2012-10-17",
"Statement": [
{
"Effect": "Deny",
"Action": [

"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",

BED/—NTYIAVABRVAANOI—H =T I AZHRLET,
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"sagemaker:UpdateNotebookInstance",
"sagemaker:CreateNotebookInstancelLifecycleConfig",
"sagemaker:DeleteNotebookInstancelLifecycleConfig",
"sagemaker:UpdateNotebookInstancelLifecycleConfig"
1,
"Resource": "*"
},
{
"Effect": "Deny",
"Action": [
"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance",
1,
"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-
${aws:usernamel}"

]
3,
{
"Effect": "Deny",
"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl"
1,

"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-
${aws:username}*"

]

BED SINTY MO —-TIOtAZHRLET,

BEOI—YH—OTIAZEED Amazon S3 /N7 Y NIZHIBRT 2K, BHEoO0—)L, 1—

HY—, RERBITIL-—TCEEBRI—ZEBMTEEXT,

ROFITIE, SIFBED/NT Y N (arn:aws:s3:::amazon-braket-us-east-1-123456789012-
Alice) ICAT7 DTV RNERELTEETSHEREFIRL., ThosoAT7IONOUARNEHIRL

TWET,

"Version": "2012-10-17",
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"Statement": [

{
"Effect": "Deny",
"Action": [
"s3:ListBucket"
1,

"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice"
]
.
{
"Effect": "Deny",
"Action": [
"s3:GetObject"
1,

"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice/*"
]
}
]
}

BED/—RKNTYIAVAZVAONTY MADOT O AZFHRTDICE, GIRORYS—% /—K
7y oRTO-IILICEMLET,
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Amazon Braket 8%l 2 &, H—ERAUOO=IFTHID NRIZERENET,

H—EZAUo0-)ik. CNOH\EE. Amazon Braket ICEE VT NEEHREXA4 7O IAM O—
JLT9, Amazon BraketOH—E AIC) > o&cniO-)Ek., 1—%—IRb>THOI—H—ICE
FEENFBDEZEICBraketN R EETEIIXNTDERZEEODRSICEFICERENTVET, AWS D
H—ER

DEBHFAZFHTEMTAIHLEN ZWVWESH, Y—EAU > 20—)LIE Amazon Braket DY
TY7ZBHIZUET, Amazon Braket Ik, Y —EAV > VO0—-ILOT IV EAFTZEERZLET,
CheNDERZZELZVRY Amazon BraketD A O—IIL%Z5|EZFFDENTEEXT, EHS
NETOERABFTICE., BERVS—ETIVEAFARI—DNEENET, PO LAFARI D —
EHOIAMIVTATAIITRYFIRDERTEEREA,

Amazon Braket A"FRETAH—EAICU V& nizO—)LI&E., AWS Identity and Access
Management (IAM) H—EZAIC) & nizO—)L#EO—FHTT, AWS DH—EAH—ERICD
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YOENEO-—LNEGR—RFTRMMOFT—ERCODVWTR, TIAMAWS £ EETRZT—ER, 25
BL, "H—ERCD2Znl0—-)L1 5T TEV, ERRENATVWEIH—ERAZRLTLSELE
Wo Y—EAUZIO0-)ICETRD RFIX N EY—EATRRIDICE, [Yes](EW) U2 T%
BRULET,

Amazon Braket DY —E A > o O—)LFFHA

Amazon Braket Tld&. braket.amazonaws.com AWSServiceRoleForAmazonBraket T2 7 147 4
EEEITA Y—ERAICUVOcnkEO0-)lz#EALTO-I)IZ25|EZTET,

IAMI>TAT4 (IL=7O-BE)FY—ERCUV9EnhiO-)L 2K, wE. HIKRT

ERLSIT UV EAEREREITILEN HYERT, FMICOVTRR, "TH—ERCVI=hic
O—J)L DR, Z2ZRL TEE L,

Amazon Braket DH—E AU OO—=)IZE, F7FILNTROT IV AFANFfTEEIhET,

« Amazon S3 — 7 HI NAONT Y NZE—EBRRTS#ER, £/, BEIH amazon-braket- T FE
DTHIRNAOEZEONTY MCATDS IO RNERIMLEY ., TONTYRDYSATSIONE
mBL LY TER,

« Amazon CloudWatch Logs — OJ T I —7 O —EBRREERK. BETIOT AN —LDOE
FX. Amazon Braket ICERENOTTIL—TADA RV MDA D EITSHER.

AWSServiceRoleForAmazonBraketH—E RAICU o nO—-I)LIC@ERADR) S —FREETHh
TVWET,

{"Version": "2012-10-17",
"Statement": [
{"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject",
"s3:ListBucket"
1,
"Resource": "arn:aws:s3:::amazon-braket*"
},
{"Effect": "Allow",
"Action": [
"logs:Describe*",
"logs:Get*",
"logs:List*",
"logs:StartQuery",

Amazon Braket D% —E AU > o O—)LFFA 284


https://docs.aws.amazon.com/IAM/latest/UserGuide/reference_aws-services-that-work-with-iam.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/reference_aws-services-that-work-with-iam.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/using-service-linked-roles.html#service-linked-role-permissions
https://docs.aws.amazon.com/IAM/latest/UserGuide/using-service-linked-roles.html#service-linked-role-permissions

Amazon Braket MEEHAR

"logs:StopQuery",
"logs:TestMetricFilter",
"logs:FilterLogEvents"

1,
"Resource": "arn:aws:logs:*:*:log-group:/aws/braket/*"
.
{"Effect": "Allow",
"Action": "braket:*",
"Resource": "*"
.
{"Effect": "Allow",
"Action": "iam:CreateServicelLinkedRole",
"Resource": "arn:aws:iam::*:role/aws-service-role/braket.amazonaws.com/
AWSServiceRoleForAmazonBraket*",
"Condition": {"StringEquals": {"iam:AWSServiceName": "braket.amazonaws.com"
}
}
}
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YABBOUANCOVTR, TOVTSAFYATOYSLAONRER, 2B3BLTIEEW
AWS DH—E R, —BEEERICOVTE, TAWSIY IS4 TR, #BBLTLILEEL,

AWS Artifact 2L T, ¥—RN—FT 1 —DEELR—FNEXIO—-RTEXRT, FMIOVT
FE. © "LR—bDOFTO—R, 228U TEE WVWAWS Artifact,

® Note
AWSOAV 7 ZATVALR—BNICKE, MIUEEEZZTREZEIRTEDH—R/N—
TADON—RIDITZ7ONAEZ—D QPU EXRHINTT,

Amazon Braket Z AT 2BOBSFEOI T SA T AERR., F—20#EM, a0
AT ABE, BRUOBEHAET N ZEZXBEICK>TREYET, AWSOAV T SA T ALK
DUTOVY—AZRELET,

c EFXFAVFTAEAVTTFGATVADIAY DAZ—RHAR-ZhSOFTOM4HA RTlE, 7—
FTFOFYTLEOZBESEICODVWTHAL, MREMED TSAT UV AICEREYTER—ATA Y
BREZ AWSIZF7OA4TBEOOATY THRENTVET,

e AWS AT SATUVADI)Y —A-D—0 TV O EBBEREOERYHMEMICERAENDBEEND
H4R0L O3,

Amazon Braket TOA > 7 AN OF vy X1 )T«

NEZ—D RY—EATHS AmazonBraket I, "F21 )74 7O ADOBE, AWS KD A4 hR—
N—ICREBEHENTVWBRITO-NILZYRD—OEF1 )T A FBICL > THREENTVETAWS,

XY ND—U BT Amazon Braket IZ7 VAT BICIE, 2T TLVS AWS APl 2FHEL &
9o VT4 F > NT Transport Layer Security (TLS) 1.2 ABAHR—REhTVIBENFH ) ET,
& /=, Ephemeral Diffie-Hellman (DHE) *° Elliptic Curve Ephemeral Diffie-Hellman (ECDHE) 7& £ ®
Perfect Forward Secrecy (PFS) ZFRA L IEBESAA—RNEITA T2 RNTHR—RENTVIHE
FHYNVET, ChSOE—RIEE, Java7 BB E, RIEDEFEAEDIATATHR—R Eh TV
£9,

Fh, UVIARNE, F08AF—D &, IAMTUIONILICEER TS NATWES—JULY N7
DEAFXF—ZFEALTEBRITAIHXENHYET, £k, AWS Security Token Service (AWS STS)
ZHEALT, —BHEEFIVTARAEBREERL, VIIANIBRBIDLETEET,
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£9, BFRAV% QPU ETETTSEE. Amazon Braket FEEZIEEES Ni- QPU ICEEL T
MEBENET,

HB—RN=F41—=N\—ROIT77AONAA—DO 1 ODNEEITHEFIEI—FT12J/\—RDI
TADOT 7t AIZ Amazon Braket ZEA T 23568, SEROEREZOEET—XE, H—RKR/N—
TA—N\—RODIT77ANAZ—ICE>TEETHHEAO/N—RODIT77AONAZ—IC &> THE
ThErd, AWS, MENBFFTICE IT3BHREAWSE QPU AFATESHEE, LTOEHY T
T T/NA AFFHAmazon Braket V=)ot o> 3>,

AVTOYVREBKEATVET, BROABICHXELDAD TV ORI T —RN—FT 1 —(CEFE
NEI, AWST7HUY MERIIE=ZFICEFEThEHA,

ITNTOTF—RE, REFLEGEEROVTNEBESLENET, F—R2F0BOLHEFICESE
NET, AmazonBraket H— RN—F7 1 —7'ONAMF—F,. BEEOBRROMEBUAODENTEE
BROAVT OV ZRBRERLFFEATZICERFTENTVEEA, EROE TR, FHRIE Amazon
Braket ICIRE ., S3NT Y NZREFEEIET,

Amazon Braket H— RN—FT 141 —QEF/N\—RODITF77O0NA(EZ—0OtF21 VT4, ZYRND—
JvF1V)F4, TOEAOAMO=I, F—2EFE. BLOYBHEFIVT1OEEN FHEEh
TVWBRZEABRTHEHIC, EHHNICEETEENET,

Amazon Braket H® VPC I R7ARA > b

AR —TIAAVPCIY RRA > NEERKT D ET, VPC & Amazon Braket DEIC 7S
AR—NEREBITEERT, (I VEZ—TI—ATIVRRSANEF, /1 VZ—FYRNSF—KDI

4 AWS PrivateLink, NAT 7/N4 A, VPN ###:, F£LFELBZL TBraket API IC TV EATES T
9/0>—%=FMBALTVWET, AWS Direct ConnectVPC N4 AR Ak, NTUY U IPF7RLA
N2 < TE Braket APl L BETEE T

BAVE—TI—ATVRRAU MK, Y7 ZFY NAD 1 DELE® Elastic Network Interface (& 2
TRENFET,

ZhIZ & V) PrivateLink, VPC & BraketAmazon BO RS 7 4 Y OFZY RDO—O0ICHB &k
< F—BANTUY IV B—RY NCESEThBMANRBED, I35 RR—ADF T U4 —
SAVERBIBRTF—ROEFIVTAHAELELET, FMICOVWTE., Amazon VPC 1—H—7j
ARD "1 B2—T7ITAAVPC I RAKRA b (AWS PrivateLink); ZZBRL T<EE W,
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Amazon Braket VPC I RARA > NCE T3 EZESEE

Braket D VPC I RIRA 2V NERETDHIIC, Amazon VPC 1—H'—HA RO T4 2—7 T
AALRRANO7ONT 1 EHIFRL ZREFELTSEEV,

Braket &, VPC S DINTDAPI 7O 3V ORVHELEYR—KNLTVWET,

F7A)KTRE, VPCIVRRA NEBLU L Braket \O 7T VAN HFTENTVET, VPC
IVRRANRUD—EBEITNE, POLAZIIMNO-IILTEET, FMHICOVTRE,
TAmazon VPC 1—H—HA K, ® "VPC TV RARA VKN TH—EZANOT IV AZHHTS, %
ZRLTLSEEY,

Braket #ZtY N7 ¥ 7°L. PrivateLink

AmazonBraket AWS PrivateLink THEH 3 % (C(&. Amazon Virtual Private Cloud (Amazon VPC) I~/
RRARNEAEZ—TI—AELTHERKL, Amazon APl Braket H—ERAZBLU TIY RRAU B
ICERTDIHENBYVET,

CCTR, CO7OEAD—BHNBATYTEZRLET, ChIID2LVTR, #BOoEI> 3> THLL
HALET,

« Amazon VPC Zi&EL TREEL, AWSUY—RAZKRARNLET, VPCHERICHDHE., COA
TYTEERTEET,

« Braket H® Amazon VPC I RARA > N EERLET

» Braket DEFZ AV %I RRA> RConnect L TEITTS

ATY 7 1. HEIZHLU T Amazon VPC Z#2EIT 5

THIOURNIBEIC VPC HERAETNTVRBER. COARATY T ZEBTED LIS EESES
Wo

VPC &, IP7RLAEHE, #7ZXY N, L= T—TI), XY RNT—=IO5F—RDIABEDZRY K
D—OBREEIARNO-IINTEET, EXNIC, AWSHAZALAREZY ND—OTUY—A%EH
LET, VPC OFMIZDOVWTIE. "TAmazon VPC 1—H'—HA Ry Z2ZRBLTLEZL,

Amazon VPC 2V —)LZFBVWT, 7Yy N, X2 UF4TIL—7, ZFYRND—=95—KDI
A1 ZETH LV VPC ZHERLET,
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Braket ' —EABA® VPC I RARA > MNE, Amazon VPC AV —=ILELEFE ) OWThh ZFEH
L THERTE E£T, AWS Command Line Interface AWS CLIFE#IC DWW Tk, "Amazon VPC 1—
H—HA R, DAE—TI—AT RIKANDIERESBLTLSEE,

Y= TVPCIYVRRANEERTSICIE, Amazon VPC IV —)L%ZB&E, TV RKRA>
AAR=DZBEVT, ILWIVRRSA D NODERICERETT, BTSRTEDRSIC, TV RKRSAY
NIDZEZLWHET, Braket \OHBEDHIFEHL ZTSBICIE, —endpoint-url 757 0 —&&

LTHETT, API

Braket D VPC I RIRA 2 NEERTDIZIE, XOY—ERABZ&EFERALET,

* com.amazonaws.substitute_your_region.braket
EIVRRAKNDTSARX—KNDNS ZEMICTDE, V=23 >0F7#4)LNDNS & (Hl) =
EAL T Braket API ICU VT ARNZITS CENTEEXT, braket.us-east-1.amazonaws.com

HMICOWTIE., "TAmazon VPC 1—H—HARI D "4 Z—TIA AT RIRA 2 RNENL I
H—EANDT O tA) #S5BLTLSEEV,

ATY 7 3:Braket EF XAV %I RRA4> NConnect L TETTS

VPC IV RRAVMNZEERLES, ROBFDOXSIZ, endpoint-urlAPIREEFEZ > RALANDA
VE—TIAATIVRRAVNEEBETEINTA—RZEC CLIONY RERTTEET,

aws braket search-quantum-tasks --endpoint-url
VPC_Endpoint_ID.braket.substituteYourRegionHere.vpce.amazonaws.com

VPCIVRRAZKNDTZAX—KNDNS KRARBEZEMIILIZHEER., CLION>RTURLZT
VRRAVRNELVLTEETIHERHY)EEA, KD VIZ, CLI & Amazon Braket SDK 777 # )L
NTHEFT S Braket APIDNS RARBN VPC I RIRA D NIZBRENET, TOERIE. XD
BlORSICLET,

https://braket.substituteYourRegionHere.amazonaws.com
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SBLTLSEEV,

« BFEALTIY RRSA Y NEERB RURET S HEICDWVWTIEAWS CloudFormation, 1—H—
H4 RD:: EC2:AWS: VpcEndpoint Y —AZZBL T< &L, AWS CloudFormation
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"Statement": [

{
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"Principal":"*",

"Effect":"Allow",

"Action":[
“braket:action-1",
“braket:action-2",
“braket:action-3”"

]I

"Resource":"*"

}
]
}
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+ CreateQuantumTask ZRL —> 3 ZHOHITEEICTIT—HAEELELE
(ValidationException )
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AccessDeniedException
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CreateQuantumTask ARL —> 3 ZHPHTEZICIS—HH
# L E£ L Iz (ValidationException )

ROEDIBIT—HNRRENEHZEK, BEED An error occurred (ValidationException)
when calling the CreateQuantumTask operation: Caller doesn’t have access to
amazon-braket-.. s3 folder 22 L TWVW3 & #MBEL X7, Braket k. L L\ Amazon S3
NTYRNETLT74Y OAZEBNICHERLER A,

APIIZEETIVEALTVT, ROXSIBIST—HNRRENTWVWSEHEIE. Amazon Failed to
create quantum task: Caller doesn’t have access to s3://MY_BUCKET S3 /AT Y ~
INAS3://IC #EHTWEVWZ L ZHEFELET, Amazon S3
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(&, Python 3.10 Z&H#HLET,

SDK EAF—IN THB & Z2MB L ET up-todate, /— KT Y IFE Python TF1 XA 5
SDK ZE#HITBICIE. ROOAN RZEITLET,

pip install amazon-braket-sdk --upgrade --upgrade-strategy eager
AF—NZEHIBICEF. ROOY RZETLET,

pip install amazon-braket-schemas --upgrade

WMBDYZAT > NDS Amazon Braket ICF7 VAT 2HEIE. AWS U—=3 2 A Amazon
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ServiceQuotaExceededException
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A2V AR AR A 7D ServiceQuotaExceeded HlAZ Z(TEY), + 9B A AZANFETE R
WiB&lk. AWS Od>Y—J)L® Service Quotas R— A S&IRDE|EZ LFEZVOIITANL, AWS
H—E AT Amazon Braket 2B ETE X9,

® Note

NATVY RDATHFVIVTIARNEAEEMLOAVEI—TA VI REZ7OEDIZVIT
ERVEEE, BlOV—23a2EERALET. 510, TSV ARV ANFRTEN
BWEE, NMT7 VY RDITTRERATETLE A,
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https://console.aws.amazon.com/servicequotas/home/

Amazon Braket BIREHA R
BMno #+—2 IR

+ Amazon Braket EF XAV TF7 023> 04Xk 3MB ICHIREhTWET,

« SV1, . DM1E KTV Rigetti T*/NA ATHAENBD R AV H IV OF KRS 3 Y NI 100,000 T
EE

« THAENDRRAIBIYOFAI I Y MKRIF 1000 TN1TT,

lonQ® Aria-1 & Aria-2 FN1A ANFE, BRIEFZAIVH ) 5000>3Y NTT, lonQD
THarmonys . "Fortes ., BKTOQC "F/N1 Ay DFE, &RAMEWR 10,000 T,

NDZEQuUEra, ZAVH VY OBRAREFRST I Y MEUE 1000 T,
TN1 BKT QPU F/INA ADIBE, ZRAIHEYDIVYRNE>0THIHREN HYET,

OpenQASM O RSN a—F714>2Y

OtV 3aTIE, OpenQASM30 ZFEALTIS— A RELESEICRIODNT I 21—
TAVIRARIZODVWTHBLET,

cOtEUa>ORE:

c AT—MXVNZEHBRIZ—

« EHLZWqubitsT 5 —

« Y13 T Z—qubits & fRFEqubits TZ — DETE

s ALZ7A9ZALATLZ—qubitsTRRERATZVIVIANLTHETS

» Classical & & U qubit register limits exceeded T 5 —

« RYVADQRIICEENB T ZIIIZ—ARELTLEW
c BENBRY VADRATATS— N REIS—

s BENBRY JADKEICKLDYEqubitsTZ—

« BENBTZIRIC "IV R ISRV

s B—RFATY U AEHRquUbitsTERZ VTS —

e 2 DMqubit7 — b qubits DYIE AFEHmRENTVWEVWT T —
+ GetDevice | OpenQASM RIS —%#RLEHA

+ Local Simulator DHR—KICBIT R EE

EBMO T+ —2 EHIR 340
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AT—MAXVRNZEHDITT—

Braket IZ &, B, OpenQASM ZOAJ T AILEDRIEBEDS—RNSATSVT7A4IILIEHY FE
Ao BIZIE, XOBITEN—H—IT5—HFRELET,

OPENQASM 3;
include "standardlib.inc";

COO—REIIZ—XYvtE—T&ERLEFET, No terminal matches '"' in the current
parser context, at line 2 col 17.

EHEL % L\ qubits TS —

TN 4 A#EBEqubits T ([CrequiresContiguousQubitIndicesiREE NiT/V 14 ATiELHL &L
true Z2FEATRE, IT—HFRELET,

JIAL—B—E TEFRAVERTIDELIoNQ, ROTATZALICK>TIZ—HFRNUA—Eh
ESC I

OPENQASM 3;
qubit[4] q;
h q[0];

cnot q[@], q[2];
cnot q[@], q[3];

CcOOA—RBFIZ—XVvtE—TJZEKLET, Device requires contiguous qubits.
Qubit register q has unused qubits q[l], ql[4].

Y132 T 5 —qubits & {R*Equbits TZ — N IRTE

BLU 7077 AqubitsTHEqubits . REZBEE BRI ERF AT, IZ—HARELET., R
NDI—RBEFIZ—ZERLKT,

OPENQASM 3;

qubit[2] q;
cnot q[0], $1;

AT—RXVRNEZEHDIT— 341
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CcOO—REBEIZ—AXAYvE—2ZERLET, [line 4] mixes physical qubits and
qubits registers.

BAL7O07Z AL —qubitsTHREATZIVIIANLTRIETS

BAU707ZATHRHUICAEqbitsE hdREREXAT & Z2VIVITANTDE, I7—HFRELE
a-o ;ﬂa)]_HLj:Ii_ﬁgiﬁibijo

OPENQASM 3;
qubit[2] q;

h q[o];

cnot q[@], q[1];

measure q;

#pragma braket result expectation x(q[0]) @ z(q[1])

CcOOA—REIZ—AvE—TZ4ERLUET, Qubits should not be explicitly
measured when result types are requested.

Classical & T qubit register limits exceeded T 5 —

FAENDIZIVILIDAR—@FE 1 D2EWT, qubitLPAR—EF 1 2EZFTT, XAOOD—REI
3—E$ﬁib$3—o

OPENQASM 3;

qubit[2] qo0;
qubit[2] qi1;

CcOOA—REBFIZ—XYvtE—272EKLET, [line 4] cannot declare a qubit
register. Only 1 qubit register is supported.

RY DADQRICERENBE T ZIIIZ—FEELTLEW

ITRXTORY VADHEICEEN BT ZIRERTRILEN HBVET, XOOD—RBEIZ—ZERLE
EED

box{

RAU7OJZALALZ—qubitsTHRRA7ZVIVIANLTHET S 342



Amazon Braket MEEHAR

rx(0.5) $0;
}

CcOA—REFIZ—XvtE—T72%EKLET, In verbatim boxes, native gates are
required. x is not a device native gate.

BENBRY VADZRATATS—NEIS—

BENBRY VARRAT AT —NEeYE ABETTqubitse ROI—RERATA4T5—KT
T—EERLET,

#pragma braket verbatim
box{

x $0;

}

COO—RBEIZ—XYvtE—2JZ4ERUET, In verbatim boxes, native gates are
required. x is not a device native gate.

BREENBERY JADREICLDYEqubitsTZ—

BENBARY JAICEYE FRETIqubitse XOI—REFE, ZELTWVWBYEBqubits TS —Z4ERK
LET,

qubit[2] q;
#pragma braket verbatim
box{

rx(0.1) qlo];
}

COA—RBEFIZT—XYvE—TJZ4EHKLET, Physical qubits are required in
verbatim box.

BENBTZIIIC TSIy by IZ5—HBL
BENBTSIICE TTSTY N ERHBAENHYET, ROI—RRIS—2ERLET.

#pragma braket verbatim // Correct
#pragma verbatim // wrong

BENBRY VADZRATATF—NRELIT— 343
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CcOOA—REIZ—AYvE—2ZERLUET, You must include “braket” in the
verbatim pragma

B—FA>27Y U AERqubitsTEBZWVWI S —

B—RA27Y VAEHKqubitsTEE R A, ROO—REIZT—Z2&EHLET,

OPENQASM 3;

qubit q;
h ql@];

CO—REIZ—Z%MKLET, [line 4] single qubit cannot be indexed.
L, B—qubitBRFIERDESIZA VU TY VREERTEET,
OPENQASM 3;

qubit[1] q;
h q[@]; // This is valid

2 DMOqubity — Mqubits DY AFEHE A TVWEVWT S —

VB ZERTSI(CIEqubits, ETTFNAANYE Z2FERAL TV L ZRR
qubitsdevice.properties.action[DeviceActionType.OPENQASM].supportPhysicalQubits,
RIZ device.properties.paradigm.connectivity.connectivityGraph& k(& Z#EEL T
BT S 7 2R L ETdevice.properties.paradigm.connectivity.fullyConnected,

OPENQASM 3;

cnot $0, $14;

CcHDA—REFIZT—AYE—TZERKLET, [line 3] has disconnected qubits @ and
14

GetDevice l& OpenQASM RIS —%ZIRL FHBA

Braket SDK M £ I OpenQASM D #ER A GetDevice L ARV AIZKRTRE A WVES
k. AWS_EXECUTION_ENV REBZEHZRELTCI—HY—I—IV NERETIHLENHYE
T, GoB R JavaSDKs TN ETHIHFZEICOVTE., LATOO—RAEIZSBEBLTLEEL,

B— QA2 FTY I AERqubitsTEBRVWI S — 344
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AWS_EXECUTION_ENV IREZ#HZH{/EL T, OFEAKICI—Y-—I -1 hERETHICE
AWS CLI :

% export AWS_EXECUTION_ENV="aws-cli BraketSchemas/1.8.0"
# 0r for single execution
AWS_EXECUTION_ENV="aws-cli BraketSchemas/1.8.0" aws braket <cmd> [options]

o\°

Boto3 ZEATHEEICI—H—TIT—>2I O RN ERETSHESIC AWS _ EXECUTION_ENV IREBZE
EERETDICE :

import boto3
import botocore

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

JavaScript/TypeScript (SDK v2) Z 9% & & (C AWS_EXECUTION_ENV RREZHEZREL T
1——T—2I2VRNZERETDICE

import Braket from 'aws-sdk/clients/braket';
const client = new Braket({ region: 'us-west-2', credentials: AWS_CREDENTIALS,
customUserAgent: 'BraketSchemas/1.8.0' 1});

JavaScript/TypeScript (SDK v3) 2T L EIC1—H—T—J IV NERETDELDIC
AWS_EXECUTION_ENV IRIEZ N ZRET B I -

import { Braket } from 'eaws-sdk/client-braket';
const client = new Braket({ region: 'us-west-2', credentials: AWS_CREDENTIALS,
customUserAgent: 'BraketSchemas/1.8.0' });

GoSDK ZERATHEEICI—YY—TI—>2IONERETDESIC AWS EXECUTION_ENV IRIBEZL
BERETHICIE :

os.Setenv("AWS_EXECUTION_ENV", "BraketGo BraketSchemas/1.8.0")
mySession := session.Must(session.NewSession())
svc := braket.New(mySession)

Java SDK 2 AR EICI—HY—T—J IV NERET S KD IC AWS_EXECUTION_ENV RiE
THERETDICE:

GetDevice & OpenQASM RIS —%RLEEA 345
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Amazon Braket

ClientConfiguration config = new ClientConfiguration();
config.setUserAgentSuffix("BraketSchemas/1.8.0");

BraketClient braketClient =
BraketClientBuilder.standard().withClientConfiguration(config).build();

Local Simulator D H7R—KNICBE T2 &S

(& OpenQASM O S E s #eELocalSimulatorZHR—KRMLTVWETH, QPUSRF U FI 2 RY
ZI1L—BZ—TRERATEBVEENHYVET, XOHIICRTELSICLocalSimulator, 7’0935
LIZOXHICEEOERBHEN EENTVSIES, BEENfNRTRENET,

gasm_string = """
qubit[2] q;

h q[0];
ctrl @ x q[0], q[1];

gasm_program = Program(source=qgasm_string)

COI—RBEEHFEERLET, cO7OTTALRK, TOHRYER—KREIATLS OpenQASM S5&
HEEZFH L £ LocalSimulatore 5 OMEED —Fflk, QPUsE A FIY R ZaL—
A—TREHR—RETIhTVEWVWEENFHYET,

HR—KRENTWS OpenQASM BEEDFFMICOVWTIK, 55 27UV ILFET,

Local Simulator DHR—NICEE T2 &L 346
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TFIVTSTYRNDAPIESDKUTJ 7L AHAR

Amazon Braket I, /—RNTYOA VAR ADEREERE, EFIONL—Z200EF70O04
ICBERATZES API, SDK, ANV RZA VAV E—T ITA AN AEEThTVET,

« PRYZVTZTY NNAY > SDK (#2E)
« PTXVYVTISTYRAPIVTFPLYA
*+ 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

Amazon Braket GitHub F2—KNUTFPIOUVRS NUASI—RHIBEAFIDEETEERT,

« 724 vy NFa1—KUT)I GitHub
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https://amazon-braket-sdk-python.readthedocs.io/en/latest/#
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/cli/latest/reference/braket/index.html
https://docs.aws.amazon.com/sdkfornet/v3/apidocs/items/Braket/NBraket.html
https://sdk.amazonaws.com/cpp/api/LATEST/namespace_aws_1_1_braket.html
https://docs.aws.amazon.com/sdk-for-go/api/service/braket/
https://docs.aws.amazon.com/AWSJavaSDK/latest/javadoc/com/amazonaws/services/braket/package-summary.html
https://docs.aws.amazon.com/AWSJavaScriptSDK/latest/AWS/Braket.html
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

Amazon Braket
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RFIXD NER

LR OEIE. Amazon Braket DS ED) ) —AD RFIX NHNBRZFTEHEENDTT,

« API/N—>32 : 2022 4 A28 H
« APIUT77L2ANKRMKEHB : 2023F 9 A 25 H
« RFAIXDNOZRKEFHRB : 2024 £5 22 H
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-qpu-partner-iqm.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-regions.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-experimental-capabilities.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-get-started-create-notebook.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-get-started-create-notebook.html
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o
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REIXD NO@EZEEL
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#FLWF/V 1 A lonQ Aria 2
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TEEMULERLE, flERL
x9,

« A—AJL Python d—RA' S
NAT )Y R 3T =ER
L)

« BM® Python Ny 5r—2 &
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V) )

s NATVYRZATAURA
BOALTF—R2RkELT
O—K¥3%

e NM 7Y RTaJFI
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A

FROYN—FH4 RO RF 21
X NZE#HL T, queue
depth& ZE® FEL zqueue
position,

FI1-—OARMEDEHDFL
WAPI DEEZRRTD LD
ICAPI RFIAXDFT—232
ZEFLEL L,

roa7,  DAVAR A%
"TNAT)y RTaT I

EEL, "2BRU, 72 TEF
BAVIICEETDRSICR
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