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HIE £ 7|58 ofEH ALY &= U=X| 2043 7| 2/5Hf Bell State 2|2 & T 495104 SV1 AIEE0|H
1 lLICh X Braket SDK 2 &2 7HX{2tA] Bell StateE 2|8t CHE Tracker() &
g LICH.

#import any required modules

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

#icreate our bell circuit
circ = Circuit().h(@).cnot(0,1)

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
with Tracker() as tracker:

task = device.run(circ, shots=1000).result()

#Your results
print(task.measurement_counts)

CESS MU W M) AIZOIMO| CHEIH Ze Ay B2 Ho 2 o4 4 s
7 715 MSE Mol 4, 2R E YA Aol MY I7H HRE MY AZ 2I0H HIS
{FLICH A% AlZ2 2t AlZBlolMnteh THE 4 2

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

tracker.simulator_tasks_cost()

Ho| dAZE e = HI8 2 FHE £ AU&LICH 8
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$0.00375
HI& £XM7|& AL&5t0q4 2[CH HIS ™
HI& F£M7|8 AE5tod Z2 ol 2| H|E S IHE = U&LICH EH Z2 3 30] X|&EdtEi= 3
Ho| x|CH Bt 7t U &= U&LICE O|2{Et YAlo2 HI8 FXMTJ|E AH&5to A& Z=o0f H|E o]
E2EXE F5E = ULt O3 04|A|_ Rigetti QPUOIM S8 3|2 & AHE5t1 HI&2 1 USDE A
stEfLIcH T EOM 2|2 E & W BtS5t= o E= H|&2 0.37 USDYILICEH & H|E0| 1 USDE =1t
g 7R EH=E BtEE e E ’%'% MMFELICH et ctg Bt=0| 1 USDE Z0HE MR 2=
ALIZO| M B AEILICH YetMoz z2 I8 RISHE |0 HIZol TEE w7t K| (0] B 33|
HtE) 2 AlS e

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

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

1.11 USD
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LICH.

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

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

# device = LocalSimulator()

#Local State Vector Simulator

# device = LocalSimulator("default")

#Local State Vector Simulator

# device = LocalSimulator(backend="default")
#Local State Vector Simulator

# device = LocalSimulator(backend="braket_sv")
#Local State Vector Simulator

# device = LocalSimulator(backend="braket_dm")
#Local Density Matrix Simulator

# device = LocalSimulator(backend="braket_ahs")
#Local 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/gpu/iong/Harmony')
#IonQ

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

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

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

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

#IQM Garnet

# device = AwsDevice('arn:aws:braket:eu-west-2::device/gpu/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

X|HEl= ClHo|A 14
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# get device properties
device.properties
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Qg — IEHE It 1T SR MuE &

P HoE ZI|FLICH TNMMISAE g = gisLIct
&LICt. No viable contraction path found.

- =5 AT I—-l":ll‘ o{gig — YR J2iZolMeE &3 B2 E HE TN1 = UX[EF BItst= O 02
41 Alzto| Bfo] AZILICE o] B2 =5 HIE0| LT Bo| &7| W=oi H[&0| L{F Bo| 7|
Z0of CH Al Eloi*a* CtA| o|= ol SZ2ELICH TN1 CHE 3 HIR et 27 HAIX|7 ZEAIE = U&LICH
Predicted runtime based on best contraction path found exceeds TNl limit.

@ Note
£=2 5 x| ot MEI7F EAIZ= TN1 A0 E 2I5{Ad EHAof chet @ 20| T =Lct.
FAILED
04| EFR T JH=ofl 2t B 2FRILICH shot 99| ALLE[20MHE TN1 =5 A|Zto| FI2Eo [}et
P = QI&LICE shots 0| € S04, &X THAE

MEXMo =2 EHElEILICH shot 3|2 ] M2 2 54 E
shots 10022 NME5ITH A LE 4= e W22 TN1 ZHEX|BH 10748 74 K| CHA| MESHH SA 7t
T ELICE o] 4&0olAM= 1007He] MES 7| ?lsi ST 3|20 shots CH5H 10742 FAEl XL

oA 107HE MEStT 2 ZnHE St ELlch

MY ES U2 HEH2 2 ™I o Y ili = 3|12 2eiAE E 7H shots (0f: 107H) 2

(® Note

45 S BAsHE Y20 T2 &2 NxN B0 M AISHELICH ol E S04 2-qubit 70|
EollE 4x4 #20| WRELICH +5 Sof LRt 57+ #0| LIL oMk TEHE 277
O§ SLich Ol243t Hl4tg et2 stadw niElo] A2 ZHeLich. 0/%40] Amazon Eat3t0| DAL
s +5g AT sR| ot ol Yuct

S Al

I = Braket A|Z2|0|E= 042 2|2 & SAl0| 4 = U= 7SS MSHLICH SAY EteE AlE

cllol& & X[oi| 2t CHELICH SAIY Bt of CHEF RtMIEt LIS 2 2 S F HOIXKIE HZSHAAIL.
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) mazonaws.com

0= S8 (HXILIOF S us-east-1 braket.us-east-1.a QuEra
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0= MEEZZ|ZL|oF  us-west-1 braket.us-west-1.a 2| H E|
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mazonaws.com
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2 QI&LICH QPU CIHFO|A 0| A E|= Quantum 242 sHE C|HFO|A X|239| Amazon Braket 2
£0|M = = U&LICH Amazon Braket SDKE A& 35t= G2, Y Sl X[t 4 ateio] 2E QPU

C|HFO| A0 AL A4S MEE £ QU&LICH SDKE XI™HE QPU CHEH X[dof CHEt MME RIS 2

2 Aot

Rlet & s zo_lzm AWS B g Alof CHEF QiHsiol S QB &7 0| AWS MHlA A= EQlE
X

E S5l &xt AEEIQ| 7| E Y EML! AWS Amazon Braket C|X|Ed &
Qo] sh& IbHN CIX|E HIIE 228 £ CIX|E RIS ESSHAAIL.
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3|2 & X &5t™ Amazon BraketO| X|8 8t C|HIO|AR 3|28 MEELICH FAL %2l F X (QPU) e
2C|HE A|Z2|0|H FAF 22 =AE = M2 Ci7|5tD AMelEL/c Q

St Ol 28 A|ZH2 CHE Amazon Braket 20| M|& 8 24 o] =2}
of k2t ek &ILICt.

O|HIY EE= SMSE S8t el 44 & &
Amazon Braket2 QPU2| 71 & 40| B4 EE|7{LE &R} 2fdo|

VEHZ
O|HEE M&ELICH oMY === SMS HIA|IX|2 C|Hto|A J X
CHS EBAIE MEAAL.

HZE! I EventBridge AmazonOi|
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stef AEf ¥ YRS WorH
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SEC

2. SNS FXof| CHet 2= E EventBridge E2|7{5t= a2 M-S AAIL. AtAMEH LIE2 Amazong
& & Amazon Braket ZLIE{2E & ZE 5t & A|2. EventBridge

FE & 2 2

Amazon Simple Notification Service (SNS) & &35 & &S %50 Amazon Braket #H 20| 2t=
2 gEs &S = AsLcH 2 gE2 07| AlZho| Zo{E Rz o4kl B2 (ol CH 2 &

U2 MESHHLE ClHto|A S| 7t8 M 7(7H0| K|t Fof 2y E MEE ) RSELICH 20| =2 E
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Amazon Braket —tEE MA CHAE ohErL|CH RHM|EH LI o2l MA2 2|3 Amazon Braket 04
M-ESS HIAMAL.

Amazon Braket 22 2| C|HFO|A T O|X|of M $HA] L &% 7t 4 21} C|Hlo|A AENE & QlE £ Q)
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ElL|CH
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Amazon Braket

CHZ | 7HAlSE

A} 5] I SH0[HEIS BS ME 7| Toll & x| Ch7Ie 20|18 BHolstod Yol Yl YAt B
i SOl Els Befol £8 HOlY 4 il
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3. Sto|EE|E MY CH7|YE Zlole= #A X CH7|5tD U= SHOo|HEIE Zo| & —’F% LFEF L
C}. Quantum tasksStO|EE|E Eo| AR Z NEE 52 2M =22 7tX|0{ of &

Priority Task Queue

E Sl t7|d 4o|§ Qlstdie 12 OhE = ALHE +Hstod 2 EfA3 = Sl0|EE|=
ol th7|d x| & /e Braket SDK &= U&LICH

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'>: 'Q'}

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

LA Y EE StO|EEIE HYE QPU| XMEsHH -?—JELEE?P Yo &Ei7t 2 & JU&LICH QUEUED
Amazon Braket2 1240l A &t 2 I 5t0|EHEI= 2] CHY|H f|X[ol CHEr 7HAIEE MSELICH

CH7 1Y 2IR]
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1]

Queue positionZf C|HFO|A CH7 | LY HE EHA T EE= S10|EE|= 24 o| A ?|XIE LIEHH LT
LA A E= Sto[EE[E 2ol B2 ORE Sl #2IE = Amazon Braket Management Console
A& LICt. Braket Software Development Kit (SDK)

S S CH71Y IRIE HOIstEis D2 OFS T= ALK £ YR BY =
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5]
20| 7| /IXIE 2 /e Braket SDK = {U&LICtH
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a
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# 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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olOtE Egtzlio 2 AlEtSHAIS

® Tip
E E5f XA ZHFEIO 7|Z=E HIRXEML! AWS Amazon Braket C|X|& &4 Z2Ho| SE5t1
Qzio| st 1hHn C|X|E HWIHE 2t 8 £ C|X|E Ui X|E &S5 A2.

Amazon Braket 413} 0| X|&EE [} £ = Braket2 Amazon A|ZHE 4= & LICH

Al&H5H7| 8t EHAl= C
- OIOHE EEi3l &Y
o OIOIE HEIE

ototE HetZl g dst

E S5l A AFEEI| 7|ZE HIRAMIL! AWS Amazon Braket C|X|Ed 8t& Z2Ho| SE5t1
zdo| st4 nhHa CIX|EH HWILE 228 £ CIXIE HHX[E ES5HA AL,

F4£2 S5l HZ ol M Amazon Braket2 &A35teh 4~ Ql&LICHAWS

Amazon Braket2 & 4Ad8tst 0 AS6I242 Amazon Braket 22 A|ZHe #HBHO| Q= ALK = A
go| Qlo{ofF EL|Ct ol248t et AmazonBraketFullAccess IAM 24 (arn:aws:iam: :aws:policy/) 0
Z & |0 24&LICH AmazonBraket FullAccess
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CIE AFZ XFod|H| Amazon Braket0dl CHEF HM|A HEHE Ho{stE{Hd MAMS HAZAF L =IX
M5t AFEAF X|H AmazonBraketFullAccess ™A E X 5104 A ALl A HEHS 045 Al A
2. Amazon Braket2 A& 5t O E 8t Hetoll CHal RhA|S| & ot 2 2484 Amazon Braketo|
CHEE HAMA BE2|E FHESHAAL.

Amazon Braket2 & A3l 5l= EHA|

504 Amazon Braket 2£0i 2 Q18 L|CH AWS A

0| X|o M AlEFst7|1E 286t ME[A CHAIEE 0| X|2 O[S g LICH AH|A CHA]
A 22 ChS Ml EFAHIE SFLiEfLICH.
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a. MH|A 944 g (SLR) &

b. EbAF ZRF HFE{0]| CHEF M| A X[2

c. M Jupyter cEE QIAEIA MM

EFAF 2XF M X|E ALE5IE{HH AP AL AFAIDE SHE B x| ZHo| HIOIE-I &t f2dE E™ T 7Hof| S2|5H
Of EfLICt. AWSE 7|2fo| 0|2 2FEH2 Amazon Braket 2£ 9| H§h L MA 0| X|o| &l
U&LICE.

® Note
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Git ZIZX|E2| EEC22 226t 1 2|ZX|EE| ESCH2 HiFoM urld M HEE git ZIZX|E
2| SME MESLICH Git 2|ZX|E2| URL HIAE EAIE0] 2|ZX|E2[e] URLS IZgFLICt.
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b. TEtOAM MEIA |AM &, FE MM A I 453} 71§ TR LICH
c. HIE30{M Jupyter Notebook RIAE A0 CHEF A X} X|H HERT ! ML HHE 7Y
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=

3. EE HEstn LES QIAHAE AEY EjI & Y CHS LaunchE 2= LICH

® Note
ototE EztZ! A ofotE Z&0lM ototE 3 L ES QIAHAE B atg[g =
&L|Ct SageMaker £7| Amazon Braket tES M2 2£2 S5 AISE = l&LICH
SageMaker

Amazon Braket 2& 0| A & 45t= 3 Amazon Braket SDK LH04| A A S 7%“?.!.' St et L E
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install amazon-braket-sdk EE= Z2{aQ1n} &7 AF2 57| S5 'E'::.'an Alsst [ SDKQF Z
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O91g Mx|g £ Q&LICH pip install amazon-braket-pennylane-plugin PennylLane

Amazon Braket Python SDKE Al&75104 & tHml| E|2 & AI-MSHAIA|

E S5l A AFEEIO| 7|ZE HIRAMIL! AWS Amazon Braket C|X|E&d 8t& Z2Ho| SE5t
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Notebooks (1) ‘ Cc H 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 [
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HX{ Amazon Braket SDK ZE & 71X 2t M 7+ e Bell State |2 & HO|5HA AL,

import boto3

from braket.aws import AwsDevice

from braket.devices import LocalSimulator
from braket.circuits import Circuit
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# create the circuit
bell = Circuit().h(@).cnot(0Q, 1)

print(bell)

24 AMEC0[EM 2 =& A™AEA L.

o= 3|25 Aldlisr ok} & x|E MEHELICH. AmazonBraket SDKO|= Al&8t T2 EEO|E Al |
AEE 9|8t 22 AIZ8I0IE7t &7 MSELIct. x[cH 2571 qubits (2Z st=9ofof M2t CHE) of &
d 3|20i= 2ZZ AZH0IEE AF85t= 20| E&LICH

# instantiate the local simulator
local_sim = LocalSimulator()

M2

ol

g 3|28 A

# run the circuit

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

result.measurement_counts

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

ZH|8t XAl W AE= |00>1) [11>2] ST SHOIH, A CHE 5 2ol 70| &5 UEH (ZICH
shot =O|Z7}K|)) BEEXE & E £+ Q&LCh

2C|ME AZCoIEoM S 2E Ada 2EM2.

AmazonEE 8t Braket2 CHE 2|28 A5 7| @8t 2C|HE 145 AIZTIO|E{of CHEH BMAE X2
LICH SV1 SVAZ|CH 347H2| XAt S|2ZE AlEDio|ME = Qe 2C|HE AE] HIE AIZ80|E L

o| X}
Ct. qubits X| 3 & x| MM 2 Sv1 2&£0|M RHAEH LIS &elE = /JU&LICEH AWS SVI(TN1EE 2
£ QPUNIM) FAF &Y S Aldle mf AL 2Heo| Aut= Aol S3 Aol MEELICH HAE X[Hst
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X| et o™ Braket SDK7} 7|& HZ!E amazon-braket-{region}-{accountID} AtS S Z MM
LICH REMIEH LI 2 Amazon Braket0l] CHEF A A ZE|E B ERSHAAIL.

(® Note

Ct= ol Al7F HHZ example-bucket OIE 22 EA|E AlX| 7|&E HZ 0|2 =ELICH
AmazonBraketl| H{Z! O|E 2 &4 AL X7} FI16tE CHE Al A

braket- 1 Foll &7tELICH S3 HAS M™5H= Weol cHet HEIJ HR$t Z< Amazon
S3 A|EE17|E EHZGHAAL.

0

# 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)

2|28 d#stedd o|™of .run() 2EIM SV1 IR| Q2 MEHE S3 79| 2I%|

1]
2
OH
ol
==
=]
ot

# choose the cloud-based on-demand simulator to run your circuit
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1l")

# run the circuit

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

AmazonBraket 2& 2 YAt 2o chEt F7F HEE MSELICH 2£0|A Quantum Tasks Efo =2 0]
S5H SR EfAT I S E U Qof| EAIELICH F= 18 LA} EY ID EE= J|EF 7|ES AFR5H0d
OFX} EHO{2 Z{AHSH & O

Iy 4

=H= I:I_IE_JI\_I\I\ EI-
(® Note
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https://docs.aws.amazon.com/AmazonS3/latest/userguide/GetStartedWithS3.html
https://docs.aws.amazon.com/AmazonS3/latest/userguide/GetStartedWithS3.html
https://docs.aws.amazon.com/braket/latest/developerguide/security.html#braket-data-retention

Amazon Braket TR 7H0|E

QPUOI| A A3

Amazon Braket2 AI&35tMH I = & £0t #H44510{ 221N LA HAFEOIM Ol LAt 2|2 oXE A
sk £ Q& LICH Amazon Braket2lonQ, Oxford Quantum CircuitsQuEra, ! oA QPU C|H}O|A0]
CHEt HMAE MBS E UL Rigetti X[ 2 El= ClHHO|A MIMOF AWS 2£9| C|HFO|A BHoiM CHFSt C
HFO|A S 7t84 Fol CHE HEE &2 = UELICH O o= EXIE QIAEHASSIE WHE &

0 & LICt. Rigetti

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

Ol AE7} YUE lonQ 7|78 MEHSIAIL.

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

st PFAEH EfAT = 0|2 2= Y MET & queue_position() &8 &350 CH7 I &
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print(task.queue_position().queue_position)
# Return the number of quantum tasks queued ahead of you
l2l

RI% ot B0l S23tD

g Sl XX HAFE o 7|=E M L! AWS Amazon Braket C| x| &
2 | HILE 228 & C|X|YE HIX|E &ES5HAAL.

Amazon Braket & 11 2|& 2}0|EEHZ|E Python2 2 EME A FE EX g1 2|F| 7tEFZ 19
LICt. olg{et ¢ n2|&S 2 A-SHAHLI  S&et d1e[E2 UESHY| fet EL™HoE AISE
T A& LICt Braket Z2&0|M 21 2|& 2t0|E 220 MM AE 5= & LICt ZI5{E (Github) o EE}
Zi of 1 2|& 2Ho|2 {2 (https://github.com/aws-samples/amazon-braket-algorithm-library) 0l = Al
A8 = JgeLch

Amazon Braket X Amazon Braket » Algorithm library

Dashboard Algorithm library

A catalog of pre-built quantum algorithms written in Python. Each quantum algorithm is available as ready-to-run code that can be integrated into more complex algorithms. Open or create a

Notebooks managed JupyterLab Notebook to run the algorithm locally, on a managed simulator, or a quantum computer.

Hybrid Jobs

Quantum Tasks .
Algorithms (11) Open notebook ¥

Filter algorithms
Algorithm library Q g

Announcements @) Berstein Vazirani algorithm € sitHub [4 Deutsch-Jozsa algorithm ©) GitHub [2
Permissions and settings
The Bernstein-Vazirani algorithm is the first quantum algorithm that solves a problem One of the first quantum algorithm’s developed by pioneers David Deutsch and Richard
more efficiently than the best known classical algorithm. It was designed to create an Jozsa. This algorithm showcases an efficient quantum solution to a problem that cannot
oracle separation between BQP and BPP. be solved classically but instead can be solved using a quantum device.

RePEl Textbook REPEl Textbook

Grover's algorithm ©) it (2 Quantum Approximate Optimization Algorithm ©) st 2
Grover's algorithm Is arguably one of the canonical quantum algorithms that kick- The Quantum Approximate Optimization Algorithm (QAOA) belongs to the class of
started the field of quantum computing. In the future, it could possibly serve as a hybrid quantum algerithms (leveraging both classical as well as quantum compute), that
hallmark application of quantum computing. Grover's algorithm allows us to find a are widely believed to be the working horse for the current NISQ (noisy intermediate-
particular register in an unordered database with N entries in just O(sqrt(N)) steps, scale quantum) era. In this NISQ era QAOA is also an emerging approach for

compared to the best classical algorithm taking on average N/2 steps, thereby providing benchmarking quantum devices and is a prime candidate for demonstrating a practical

a quadratic speedup. For large databases (with a large number of entries, N), a quadratic quantum speed-up on near-term NISQ device.
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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-samples/amazon-braket-algorithm-library
https://github.com/aws-samples/amazon-braket-algorithm-library
https://github.com/aws-samples/amazon-braket-algorithm-library
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https://console.aws.amazon.com/braket/home
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://boto3.amazonaws.com/v1/documentation/api/latest/guide/quickstart.html
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https://github.com/aws/amazon-braket-examples
https://en.wikipedia.org/wiki/Hamiltonian_simulation
https://en.wikipedia.org/wiki/Hamiltonian_simulation
https://en.wikipedia.org/wiki/Hamiltonian_(quantum_mechanics)
https://aws.amazon.com/braket/quantum-computers/quera/
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A =74 Braket SDKE pip A x|5H0F EFLICI. (Braket A& L ES QA
SDKE “ESI & A Ax|E|lo| MSELICE) EXR2 AHsiE{H A HHS ALE 504 matplotlibE
e 2 Mx|SloF g LICH pip install matplotlib

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

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

register = AtomArrangement()

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

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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https://github.com/aws/amazon-braket-sdk-python#installing-the-amazon-braket-python-sdk
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https://en.wikipedia.org/wiki/Van_der_Waals_force
https://en.wikipedia.org/wiki/Van_der_Waals_force
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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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https://en.wikipedia.org/wiki/Rabi_frequency
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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

Ct

0jo

ATBRIEE MEsI0 7ST 2 AAIEE AlAste = U&LICH

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');
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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
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AHS T Z 7=

BIXIAE, Ectold EHe (X dAM BHHZ dA 45X E) = otd=T siEH AIED ol Z= 03

g FMgLICt ahs_program

from braket.ahs.analog_hamiltonian_simulation import AnalogHamiltonianSimulation

ahs_program = AnalogHamiltonianSimulation(
register=register,
hamiltonian=drive

AHS =213 49
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from braket.devices import LocalSimulator
device = LocalSimulator("braket_ahs")

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

).result() # takes about 5 seconds

AlZEolE A1 &4

CHE B 48 AFSSHod 2t ATIO| MEH (‘THR70] ZS ¢, o0l WP ', Wl A0S BR e & ¢
2) 8 &6t I TA Aol 2t PAO| AR W4 B AN CHS B4 B AL stod 4 ATHE T

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

27 MEDolHoM A 50
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state_counts = Counter()
states = ['e', 'u', 'd']
for shot in result.measurements:
pre = shot.pre_sequence
post = shot.post_sequence
state_idx = np.array(pre) * (1 + np.array(post))
state = "".join(map(lambda s_idx: states[s_idx], state_idx))
state_counts.update((state,))
return dict(state_counts)

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

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

Me AFHQLICH ChE ZEE

countsCtE2 & TAIAM 2 Bl 750 2HEE S

from collections import Counter

def has_neighboring_up_states(state):
if 'uu' in state:
return True
if state[@] == 'u' and state[-1] == 'u':
return True
return False

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

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

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

A&3t0{ Al
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True)

_[1], reverse

=lambda _:

(key

non_blockaded.sort

for configurations, name in zip((non_blockaded,

blockaded),

('no neighboring "up" states',

'some neighboring "up" states')):

(14, 3))

plt.figure(figsize

[item[1] for item in configurations])

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

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

=90)

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

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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from braket.aws import AwsDevice

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

fjo

AHS Z = 24E QuEra 7|AH|0l Mg stAH BFSE{™H QPUMIA 18 3tE

= gzt dt2lslof gLICtAquila. (Ol248F QT AFEHE O|2of “SiA T 7F Z8HEl &k x|
o|3f Mo{ELICt. aquila_gpu.properties.dict()cESO0|A AASIH &olg = U&LICH
Aquilal 7|5 & 2 F ALEol CHEt REMIEH LI 2 Aquila A7 tESE R ZTSFYUA)HMEE &

oto O S A = UELICH discretize

discretized_ahs_program = ahs_program.discretize(aquila_qgpu)

O|M| Aquila QPUUMIM Z2 IS Al-e = U&LICH (TR = 1007H2] XFpF AJ).
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JHErRE 7HO

=

@® Note
AquilaZZ2MMHM ol Z2 O3S AR5 H|S 0| &H M LICH Amazon Braket SDKO|= 11
ZHo| H|E St & MMt 7ol AMAZISZ HI8E FME £+ U= HIE FXJ|7F & E|oq
U&Lict.

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

SR A YE ddste Ol Zels Alzhel Bz 27| 2o (7184 1 QPU A& E0f el OHE),
LIS OHS ZE ALIZIE Soll SEIE &HQE + UTSF FA Y ARNE HEZs F= W0l E&L
Ct.

# 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]*

=l 29| Aquila QPU QuEra
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Amazon Braket
arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-

task ARN:
cdef-1234-567890@abcdef
task status: COMPLETED

91 7b5) Elpd CH2 2 Mg 8

R 2 mH ofX|o M el

AFEH7F COMPLETED (Amazon Braket 22 9|

g =+ U&LICH

of A& #2g

= task.result()

result_aquila

=
RE

—_—

QPU ZAz
st4 2 AFR3H0d THS

Ut get_counts &

o|dn 5

get_counts(result_aquila)

counts_aquila
print(counts_aquila)

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

{'udududud': 24,

J2|7 oS3t 20| plot_counts

plot_counts(counts_aquila)
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no neighboring "up” states configurations
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some neighboring "up” states configurations
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=l = =
3 kS 3
= = - A — O = =
Foz, AR Mofs gl ALO|E ("2 EA|) 7t A &LICH 0l QPUL I-r_ g £Hl S 2rHd 1~ 2%

£ LI Aquila O] 2l0 48 =71 H7| E 0| 6 & ElE S7HX S Hel LHolA 217t AlE e o]
o

E5tELICt o|Ml 2Z AHS A[Z2I0|E 2 Aquila QPUE A8 50 Amazon Braketol| A & #Hm{ AHS
IZEEE A#MELICH

Rydberg = 2|, ot =27 SHEE AlEoilo|M 2 2 x[of CHEF XHM[EF I8 2 oA = ESZ Aquila &
ZHAAIL.

SDKOIAM B2 & FMGHMI2.

ol MMMz 2|2 Ho|, A8 7tsE HOIE B7, 8|2 §| b2 ER(I7F X[Hste Ho|E E7(9] 01|E
MEgLct 8t 3|28 82 2 &8ss Wiqubits, Aut ol |22 Ho|E CHE HESHAH A
T E K|AlStE Y, £0|X AISHIO|EZ T Z0| B2 3|2 E FM5t= Yol CHE xR =&
|of U&LCH.

Next 56


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

Amazon Braket TR 7H0|E

CC

LSt Braketol M EH QPUE M85t CHY St HO|EQ| A Bl Eder o~ Ql&L|Ch REMIEH LK
8 Amazon Braket2| HA X|0{E HXSHAAIL.

HOIE &l 3|2

&I HO|IE
SDKOA &

|2 = Amazon Braket Python SDK braket.circuitsZeHA 0| HO|z|of /U&LICt.
5tod M| 2|2 ZHHE QUATASE £ AU&LICH Circuit()

|-0|| L]
“H)" Lol

of: 3|2 M9o|

O| olMl= EF £t FH|E Hadamard HO|EQ} 27 H|E CNOT HO|EZ FMHE L 7He| ME 3|2
qubits (,, & 2t q0 g3 EAIE) & Molste HWo 2 A|ZFefLICH q1 q2 CHS oflxet Zo| &4+5 55
5o 0| 3|2 & AlA35tE £ U&LICH print

# import the circuit module
from braket.circuits import Circuit

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

T : |0 1|

qo : -H-C---
I

gl : -H-|-C-
|1

g2 : -H-X-|-
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g3 : -H---X-

T :]0] 1 |

of: m2tolEf=hEl 22 H9

O dlMofM= A mhetOlE{ofl o|&st= HOIETL R :
X|Estod M 2[ZE BIEHL SZE MEET M 5§ FRI0IM SR ffPez MM T & + A&L
Ct.

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(0, alpha).rx(1l, alpha)
print(my_circuit)

CHEIH 20| 2t DH7HW4 0| 2t XISsts EHY Q14 float (ZE AR H7HH4T} #lsts 2t £ 7|
= Q148 320] KIS 510 HTHHAELE SI20lM DH7HHASHEIX o2 M 328 BHE 4 s
=

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

D2 my_circuit Ol £HEIX| LAY Z Of7H#HS 2ol THE M B2 E 0] 7 QIAEASE
= Ol MA8E += A&t

of: 3|22| HO|E =

CtS oMo MHE Ao & M3 +=HXE AIEstE HO|ET e 2 2E& HolgfLICh olz{8t =H&E A
&3oto1 Mo Ry HOIESL Z2 M HOIEE BFE + J&LICH

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))

HolE & 3
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# Add a 1/5 root of X gate
my_circuit.x(@, power=1/5)

print(my_circuit)

HOIE =Xtz 24 AIZ80|E{ofMBt x| ELICH

of: Ak 7ts8t ZE HO|E E7|

|m
HL
rr
oL
It
mo
HL
A
r
o

CtS oAM= Amazon Braketol M ALE 758t D E 70|EE

from braket.circuits import Gate

# print all available gates in Amazon Braket

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

ol ZE9o| £3ofl= 2& HO|EJ} LIFELICH

['CCNot', 'CNot', 'CPhaseShift', 'CPhaseShift00@', 'CPhaseShift@l', 'CPhaseShiftl0',
'CSwap', 'CVv', 'Cy', 'cz', 'ECR', 'GPi', 'GPi2', 'H', 'I', 'ISwap', 'MS', 'PSwap',
'PhaseShift', 'PulseGate', 'Rx', 'Ry', 'Rz', 'S', 'Si', 'Swap', 'T', 'Ti', 'Unitary',
'V, otvit, X, XX, UXY', 'y, 'yy', 'z', 'Zz2']

HE 22 P CHEt HIMEE ££5t0 0|28 HO|EE 3|20 FIIE = U&LICEH o|E E04, E
circ.h(@) £&35t04 & MY 7|0|E0{ Hadamard HO|EE F7}& 4 U&LICH qubit

(® Note
HO|EZ} MAE2|o| F7HE|D CFS oAM= O] ofA|of| LIY=El R E 7o|EE 53t 3|2
o =7}t

circ = Circuit()

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

# cnot gate

circ.cnot(@, 1)

# controlled-phase gate that phases the |11> state, cphaseshift(phi) =
diag((1,1,1,exp(1lj*phi))), where phi=0.15 in the examples below
circ.cphaseshift(@, 1, 0.15)
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JHeER 7Hol=

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

circ.cphaseshiftoo(o, 1, 0.15)

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

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

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

circ.cphaseshiftlo(@, 1, 0.15)

# controlled swap gate

circ.cswap(Q, 1, 2)

# swap gate

circ.swap(0,1)

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

circ.phaseshift(0,0.15)

# controlled Y gate

circ.cy(0, 1)

# controlled phase gate

circ.cz(0, 1)

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

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

# X rotation with angle 0.15

circ.rx(0, 0.15)

# Y rotation with angle 0.15

circ.ry(Q, 0.15)

# Z rotation with angle 0.15

circ.rz(@, 0.15)

# Hadamard gates applied to q@, ql, g2

circ.h(range(3))

# identity gates applied to q@, ql, g2

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

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

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

circ.pswap(@, 1, 0.15)

# X gate applied to ql, g2

circ.x([1, 21)

# Y gate applied to ql, g2

circ.y([1, 2])

# Z gate applied to ql, g2

circ.z([1, 21)

# S gate applied to q@, ql, g2

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

HolE & 3|2
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# conjugate transpose of S gate applied to q@, ql

circ.si([@, 11)

# T gate applied to g0, ql

circ.t([0, 11)

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

circ.ti([0, 1])

# square root of not gate applied to q@, gl, g2

circ.v([0, 1, 21)

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

# exp(-iXX theta/2)

circ.xx(@0, 1, ©0.15)

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

# exp(-iYY theta/2)

circ.yy(Q, 1, @.15)

# exp(-iZZ theta/2)

circ.zz(0, 1, ©0.15)

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

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

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

A EolEl AHlo|E ME QloT XHA HolE B AO|EE 3|20 MY +& UALILH ol BrY
FHIE HOIE (C+E A4 2= A7) 0L} DH7HH4 2 BolEl gtol MBE| CHE RHIE Ho|ELY

2= U&LICt qubits targets

import numpy as np

# apply a general unitary

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

W %7}t 7|E S2E HEY £ USLICH InstructionAn LXK & xlolM £&shof st
O} BtQlg MEsHe ¥ XIHYULICH InstructiondatXiols REo| Gate Zixlat ZEHEILICH

# import the Gate and Instruction modules
from braket.circuits import Gate, Instruction
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# add instructions directly.
circ = Circuit([Instruction(Gate.H(), 4), Instruction(Gate.CNot(), [4, 51)1)

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

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

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

# instructions can be copied

new_instr = instr.copy()

# appoint the instruction to target
instr.copy(target=[5])
instr.copy(target_mapping={0: 5})

new_instr

new_instr

of: Zt XI[7t X[&st= HOIE £7|

A|E28|0|E{= Braket SDK2| 2 E AHO|EE X|5HX|0F QPU 7|7|= O & 59| RIEE %]
7171 £80M Z7[7]|2e] XIHEI= HOIEE &2 =+ U&LICE THS2 lonQ CIHIO|AE AFEEt
Ct.

# 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:
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['X', Iyl’ 'Z', 'IX', 'Iy', 'IZ', Ihl’ Icnotl’ 'S', 'Si', Itl’ Itil’ IVI IViI IXX
1 1 1

'yy', 'zz', 'swap', 'i']

XI#IE= HOIEE HE stERofol M ARSHEIH BIX| LOIEIZ HO|E2 HuUshoF & % e

Ct. 3|22 XNE 5™ Amazon Braket2 0| IS A5 2 £aEtL|C}.

Braket Z& 9| & x| HOIX|oIM AT HEE £ £ UaLIC SUs Mo Z2IHY Yiloz
MAsts 20| £80| Bl BLE &Lt 0h ZES QPUS 5 qubit 0| Abolo] & Aol
MTE £S5t wHe 2oz

# import the device module
from braket.aws import AwsDevice

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

#specify the qubits

a=10

b=113

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

i

Ol oMo et &AL 2[2o| ZE RHIEE YR &LICE adLt 718 FHIE =& RHIEQ| 542
x| 4 !

Ol lMoM= CHef RHIETH ZF El measure BHE 3|z 20 FIlstod FE FY2 EoiELICH

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

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

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

# Get the results

i
Ml
i
02
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result = task.result()

# Print the circuit and measured qubits
print(circuit)

print()

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

=& &Y qubit

ol M Rigetti Xt AFEOIM SAt 3|2 & A-E [} MEMHOZE =5 qubit EZ 2 ALE5t0 0 E|E
ofl qubits AFR El= 3|28 Mo{& & U&LICH Amazon Braket £ I} Amazon Braket SDKE AME 5}
o MESH &R M2l F X[ (QPU) ClHEO|A S| 2|4 E7 H|O|E{E ZHAtSto{ Aol 7HE AMEst Je M

TS qubit ¥ 2 Sl B2 E O] oA d™stn /18 SEE ZALE & U&LICH qubit 422t
12 MEXRE 2N EX| EH CIOIEE Y|Eez 22 dAE 2MEtstn o e 20 E dE =+
A& LICt

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)

KM LH2 2 0] = EE 2| Amazon Braket Oi|Al| EE= ECt &Aoo 2 MESHAHE QPU CHFO| A0
GitHub FHIE &2 & XSIAA|I2.
(® Note

OQCHIte{= M S XISHX| A &LICt disable_qubit_rewiring=True

O| ZcH1E =2 True HHStHCIE 27 7F & HELICH An 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
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from braket.aws import AwsDevice
device.properties.action[DeviceActionType.OPENQASM].supportedPragmas
Verbatim LU X = ESF

o rir

{| CHSH A= Amazon Braket 7}
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o = 2l5H =
o]
AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3")
Z0| AW Y AT BAS £} A& LICH Braket QPU CIHIO|A, L E & QlA
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from braket.device_schema.device_action_properties import DeviceActionType
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device LocalSimulator(backend="braket_dm")
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# Bottom up approach
# apply depolarizing noise to qubit @ with probability of 0.1
Circuit().x(@).x(1l).depolarizing(@, probability=0.1)

circ

# create an arbitrary 2-qubit Kraus channel

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

E1l scipy.stats.unitary_group.rvs(4) * np.sqrt(0.2)
= [E@, E1]

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

circ

# 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
Circuit().x(0).y(1).cnot(@,2).x(1).z(2)
circ_noise circ.copy()
circ_noise.apply_gate_noise(noise, target_gates

circ
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task = device.run(circ, s3_location)

3|22 A X X Kraus RS
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Or

of| Al 2

task = device.run(circ_noise, s3_location)

o B2 oKX= Braket 212 & L 0|= A|ZCiO|E oM & B ESIMAIR

2|2 HA

AmazonEetZ o] Fxt 3|2 0fl= FALA|ZHO|EHE 7HHO] U&LICH Moments Z H[O|E= & 70T &
THAA qublt ah e &~ Q& LICH Moment 2] Moments SM2 3|22 sHE HOIEQ| FAE O €A K|
x

Yot Al FZE KSste WYULICH

DHEE= Aoz QPUMA AHO|EZF AdlEl= AlAlZE Alzht L X[sHX| e & LICH.

|z ol Zlolz oY 2ol & RHE = AMELICH CFS o2 circuit.depth ZO|HMEE &
£t 2|2 Z0|E 2 & U&LIT

# define a circuit with parametrized gates

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

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

T :| o | 1 |2]

g0 : -Rx(@.15)-C---------- X-
I

ql : -Ry(0.2)--]-22(0.15)---
|1

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

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

T | 0 | 1 [2]

Total circuit depth: 3
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Noise_On_Amazon_Braket.ipynb

Amazon Braket

Q| 3|20o| MAl| 3|2 ZlolE 3QLICH(ZEHE 01, & 2 EA2). O =7t2] HO|E 2t E5& &9

&L|Ct.

Moments7|-Zt 4ol EIMLY2| & ghLct

- Il FAF At HEE ZEStE LICHMomentsKey (). qubit
=

- e ol f¥oRE FEELICH Instructions()

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

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

E 53l 2|20l HIO|EE FI}E =T Moments YU&LICH

new_circ = Circuit()

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

]

new_circ.moments.add(instructions)

3|2 AAt
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print(new_circ)

T : |0]1|2]
qo : -S-Z---
I
ql : ---C-H-
T : |0]1|2]
FENL R

AmazonBraket2 & AI&3t0{ ResultType S|2E S M CtLEt RO AntE otete = A&
7

Ch 2lz= O 22 R 40 E grarg = aLich

« AdjointGradientM3E & 7ts &52| 7ICHZt 2| 7|E7| (tﬂlE-l &) 8 ghetguict. ol X
HE2 X[H=E o7 2F #edsto 47<1|-<‘_'>- =l CHaroll CHal £ 0|8 W2 A& 35hoq & & LCt. O

HIME = shots=0Q! Z200F A

« AmplitudeE3 utS oM X|IHE SR AEfO| FIZZ ptetELICt SVIL 2ZH A[ZTO|Eof
Mot AIEE £ Q&L Ct.

« ExpectationF0{%T SXMHE S| 7|CHgf S gHEtstHH, O] 2f2 O To| IEZE0i|AM LTHE
Observable E2HiAE AFE35H04 X|HE = &LICH & 7P% =2 £-35= qubits Ol AFE
= O 2 X150k 6tH, XIYE CHA o == BHE 7ts 50| 2 55t= iy =2 Zotof gLct,
qubits CH&O| X|HE|X| £ 2 F? Observable 104 A{Et 75.*%0 OF qubit 3tH HE 2 2 50| qubits
(SE=2=[S]u}

oto
ot
g
0
11|>
[l
o °

-

* ProbabilityAl&t 7[8t §EE SHY HES HretefLIch Oy ol XIZEX| gf2 B ZE 7IE
SEE S HES Probability BFEHEILICH SEZLO| X|HE B2 XIEE 7IX HE{Q| BHA|

« Reduced density matrixQ| A|IAERIOM X|HE qubits SEZLO| 5t AAR0l CHEt LT B
2 BHEHELICEH qubits O 21t ROl 37|E X EHst7| 28l Braket2 CHA qubits =& ZICH 87HE

* StateVector™A| Bl HEE HFEEfLICt 2 AED0IE0M AFSE + U&LICH
=

« SampleX|HE CHY qubit ME L 2HE 7tseF CHY MES| £ & BretefLich cido| X|HEHE]
X| k2 <2 Observable2 10 A2 2S5} 0F qubit 5tH EHE 2 F0i qubits S E L
XM= 22 XIMHE ol £= 2HEt JHs CHAHO| BF 25t CHANO| qubits $=9F ZHotof
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. VarianceX|HEl CHA qubit MIE QL S X{HE 9| variance (mean( [x-mean(x)1%)) & QHEE A1t
Ko R gretgrLct. cHef ol XIHE|IX| et 2 ZF< Observable2 10| A8 ZF& 35 OF qubit 3t BH&
2 250i qubits M ELICH OEX| oM™ X|HE ol 7t SMHES M8 + U= Y
qubits =2t Zro}of g L|Ct.

—

CHEEr 71710l X3zl 2ot /3.

EZSIM  SV1 DM1 TNA1 Rigetti lonQ oQC
eI aei N Y N N N N N
CIME
Amplitude Y Y N N N N N
Z|CHx| Y Y Y Y Y Y Y
Probabili Y Y Y N Y* Y Y
ty
v A Y N Y N N N N
OHEZIA
SdEfHE Y N N N N N N
Sample Y Y Y Y Y Y Y
kel Y Y Y Y Y Y Y
(® Note

*= Z|CH 40702 & E 21} Rigetti &0 X| & LICHqubits.

ChS oilet Zo|l x| £ HAStod X|HElE At fEe &eld = J&Lch
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:
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JHErRE 7HO

=

print(iter)

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

ResultTypeaE Z&35t24™ CtZ 0d2t 20| Z|20]| FII5HAA2.

rk
2k

AmazonEzllol= EHY 2E 7ts &5E XIYste Ol AH8E =+ = Observable Z:zH

from

circ

circ.

circ.

circ.

circ
circ
circ

braket.circuits import Observable

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

probability(target=0)
expectation(observable=0bservable.Z(), target=0)

.sample(observable=0bservable.X(), target=0)
.state_vector()
.variance(observable=0bservable.Z(), target=0)

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

(® Note
UL B x| FEZ (ORigett) S ZTHE MIoD CHE BAlS HES ANE M
®Lick (o lonQ X0QC). SDKE Anfof et 53 S48 MBoHRIY 4BE tets
£ 71712 B2 A Hatol olRofELIC mhatM ol M MBste 7I7I9t 22 717l
At &Z0| BHetE|X| pfoo éz—oﬂ w2t &% An7 ZHELCH lonQ 0QC O
uploi| EA|E CHE 23} FHNE AT ALE AAEIQI= K] EOIE & olaLch
measurements_cop1ed_from_dev1ce

|.

F

|04

ts

0%

=2
=

A& LICH

>
E
o
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https://github.com/aws/amazon-braket-sdk-python/blob/ca5b08dada4839ca31c012ff50aa20b656fd1879/src/braket/tasks/gate_model_quantum_task_result.py#L70-L72
https://github.com/aws/amazon-braket-sdk-python/blob/ca5b08dada4839ca31c012ff50aa20b656fd1879/src/braket/tasks/gate_model_quantum_task_result.py#L70-L72
https://github.com/aws/amazon-braket-sdk-python/blob/ca5b08dada4839ca31c012ff50aa20b656fd1879/src/braket/tasks/gate_model_quantum_task_result.py#L70-L72
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X2 Atz =z B ol %8 3ste QA7 SYstChH ofe] BlA 0| S YLt qubit 4ol %83t
A2 s{&ELICh. qubit

SMHES 27| st SHHEE F7HEY = UAELICH (2L ME 04F). o|FH| stH At

Sum R AL E =+ Ue §S0| -8 ELICH AdjointGradient

ObservableZciA 0= ChSO 22 SXHE 0| Z&ELICH

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

# get the eigenvalues of the observable

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

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

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

# view the matrix form of an observable by using

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

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

# 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.+0.7 0.+0.7]
[ 0.+0.] -1.+0.31]]
The matrix form of the tensor product:
[[ 0.+0.] ©0.+0.j ©0.-1.j 0.-0.j]
[ 0.+0.j -0.+0.j 0.-0.j 0.+1.j]
[0.+1.] ©0.+0.j ©0.+0.j 0.+0.j]

ZEERE 2
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[ 0.40.] -0.-1.] 0.+0.j -0.+0.3j]]
Factorize an observable: (Y('qubit_count': 1), Z('qubit_count': 1))
Self-defined Hermitian: Hermitian('qubit_count': 1, 'matrix': [[0.+0.j 1.+0.j], [1.+0.]j
0.+0.311)
Sum of other (scaled) observables: Sum(TensorProduct(X('qubit_count': 1),
X('qubit_count': 1)), TensorProduct(Z('qubit_count': 1), Z('qubit_count': 1)))

Parameters

Z|Zoil= et H Ydstod o |H A=
Abf OH7HH7 28t E
K&t HLE R OH7H &

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]

THEStEdE 047 #H0| B2 0|8 (EXAIY) € ALSst7ALE 2 X E ArEstod Of7H H+E X|™5t
AR, Z T2 AdjointGradient At RS AE5to{ JECIAEE Hbtste W2 SHHES
Z|lthZtE 7|1 E 2 s> ELICt

2o At of7HH s 22 7St E 3| 20] Qle 2 TE S0 e 32 XIHE 20t 1 oi7H
HeE ALE S04 AdJOlntGradlent 3|2 E AdstH 7 7L e gLICt ol= RHE3tste Ol AFE
St= OH7HEH =7} O O|& ERHSHX| &L7| HZE LICH O ol & & ZstMl2

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

QPU 2! A|[ZHI0|E{0of| ZAt 2Hd K&

AmazonBraket® A BIS MEE 4 U= ofe] Hxlof ChEt HMAE MBBLICH YA EHATE
HEsoz MEstHL YR AT HhES ABE 4 s

QPU

QIRIEX| QPUOH Rt &HlE MEE 4 2/XIBH 22 Amazon Braket 22 2| & x| H|0|X|o| EAlE
S SE IS A & oM MBELICH Che Mol 2705 2R 5121 IDE AFSSHod YA Erefol
AntE HME £ YsLic

QPU 2 AIZ2H|0[Eol &xt 2] ME 73
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* lonQAria1 :arn:aws:braket:us-east-1::device/qpu/iong/Aria-1

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

* lonQ Forte 1(0|2F T1&): arn:aws:braket:us-east-1::device/qpu/ionqg/Forte-1
* lonQ Harmony : arn:aws:braket:us-east-1::device/qpu/iong/Harmony

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

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

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

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

A2 0|E

- 2T OHEERIA AIZDIO|E{, DM1 arn:aws:braket: : :device/quantum-simulator/amazon/

- AEl HIE{ A|E28I0IE{SV1, arn:aws:braket: : :device/quantum-simulator/amazon/svl

- Bl HE2/3 AZOIE], TN1 arn:aws:braket: : :device/quantum-simulator/amazon/

tnl
« 2Z A|ZEA0|E|: LocalSimulator()

(® Note
QPU 2! 2C|HE A|2|0|E{2] CREATED A EHOI A A} Zhd2 F|AE 4 Q)
E AZ80lE 2 QPUL| B2 =M Chall sHE QUEUED 9| &AL i FAE
Cl. # 12 QPU QUEUED A} 212 QPU 7t24 717t B0 MB8xo 2 :AE 7t
o| gi&LICt.

O

Of MM:

« Amazon BraketQ| X} £ Q] 0f A
- QPUOI| Xt 2 XMIE

- 2EZ AZHI0|EE At 5] A=
o Y%t EfAT HHE

- SNS & M% (HEH AR

= o

- HOUE = HA

QPU 2 AIZ2H|0[Eol &xt 2] ME
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Amazon Braket2| 2FA} ZH2d 04| Al

O| MMofMH= ClHFO|A MEHEE] At E7|0f O|27[7HK| oA ZA 2de A&St= BEHAHE oLl g
LIC}. AmazonBraketl| 2 AlHI 2= CI21F 22 SV1 AEHOIE{0M B2 E AdsiE W2 AlE
st Zdo| E&LLCt.

O AlM:

« CIHIO|AE X|E5HMIR.

« oA At EHAT MESHT|

- OietOEEHE 2 ME

« shotsE K|&grL|Ct.

- HE M BT

« Of|M|l 1} 27|

.

0

A A Zr ol AtSE ClHO|AE MEst T X|H LI O] oiX[of M= AlZE0IEIE M=st= Y
=]

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

>

CtSot 20| o]l ¥X[el R £HE 2 &= U&LICH

Il

print (device.name)

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

Svl

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

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

('supportedOperations', ['ccnot', 'cnot', 'cphaseshift', 'cphaseshift@Q',
'cphaseshift@l', 'cphaseshiftl@', 'cswap', 'cy', 'cz', 'h', 'i', 'iswap', 'pswap',

’ ’
'phaseshift', 'rx', 'ry', 'rz', 's', 'si', 'swap', 't', 'ti', 'unitary', 'v', 'vi'

X', xx", IXy , Iyl’ Iyy , Izl’ IZZI])
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('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)])

ol Ml 2Rt EfA3 M| E st
2C|HE AIZ2|0|E oM MeE ol LAt 2t MESAML.

# create a circuit with a result type

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

# add another result type

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

# set up S3 bucket (where results are stored)

my_bucket = "amazon-braket-your-s3-bucket-name" # the name of the bucket
my_prefix = "your-folder-name" # the name of the folder in the bucket
s3_location = (my_bucket, my_prefix)

# submit the quantum task to run

my_task = device.run(circ, s3_location, shots=1000, poll_timeout_seconds = 100,
poll_interval_seconds = 10)

# the positional argument for the S3 bucket is optional if you want to specify a bucket
other than the default

# get results of the quantum task
result = my_task.result()

O| device.run() @A CreateQuantumTask APIE

=
S5l
O| o™ C|HtO|AMM FAL B S AME = U= SF0| = EE K| X} & °"0| EH7|5'L—|EP

0| B2 7|7|= QILICt SV1 C|HFO|ATL AHJHE &2 Amazon Braket2 2 &0{ X|HE Amazon
S3 2{x|oil Ao E 7| LCt ?xl s3_location O._l—rE 2Z AEZ0|HE ANe|st 2 E ClHto|A
of ZegrLct.

(® Note
Braket & EjA 3 HMO| 37|= 3MBZ A|SHE LICEH
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ut2tolE{stE & ME

Amazon Braket 2C|HHE & 2Z A|Z|0|E2F QPUE Y MZE Al A& 7HsE mtetOlHe g XI™E
K| §ELct CHS ofl?k 20| to inputs device.run() Q=& ALE35t0{ 0| Bfds s&E = A&

o
Ch = EXE-F & ol inputs EHML{2[oq0F ELICt 07[A 7|= k0l 0|F olo{ok &L

IZtHER HItUd2 §H QPUIM IZtHER! 3|28 Adsts ds2 o AIZ = J&Lct otet
HEZ 3|2E X|HEl= QPUN| LAt Yo 2 X|E5HH Braket2 22 & &t H HutUstn ZotE 7Y
AELICH S8t 2|20f CHE £ miZt0|E] UCIO|E A| CHA| Ao LRI oo 2 SYUE 32
E M85t o] HEI 0| O Wt EILICH Braket2 EZE Hut U m 5t= 9o MS A of |
O|lEE EH HIOIHE RIS 22 AME3l0] 2| FEo| ZAutE E&ELIC
(® Note
OZtHER Ao U2 WA g 23S Meldt 2E =T E, H0|E 7|8 QPUMM Rigetti
Computing X[ ELIC}t. Oxford Quantum Circuits

from braket.circuits import Circuit, FreeParameter, Observable

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

# create a circuit with a result type

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

# add another result type

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

# submit the quantum task to run

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

(2]
>
S
()
r9
|r
re
_o'l_l
rr
)]

o A& LIEFELICE shots oF Z 2 AIZEI0IEH = F 7HX| AIECO|/M 2EE

 shots= 02! B AIECIO|E{E HE S A|IZdo|ME £&istod ZE AT o Cchsl AA| ZfS gt
EHEFLICH (MIME TN1 AL E = Q1)
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« 00| Otl Zto| AR AIECIOIEE &3 EX E MEZ2I5t04 AKX QPUL| shot =O0|=E of|Edi|o|MHE
LIC}. shots QPU 7|7|= 0ECH 2 2t {& & LICH shots

H

A& my_task.result() Al SDKE HEH EilAT M Al Ho|ft mtetO|EHE AFE3stod 2t E E 36
=t

AZ80/E S/EE= QPU ClHIO|A0|M LAF 7S A=bE

ClohE
g Bt ol Zals AlzH (%) YU 71232 43

poll_timeout_seconds®
AlZhol ZHE|7| o &FAF &

1 =
Olz 54 &iLct.

o 2

S
o
S
S
P
o
=

~T‘J_

+ &1: Rigetti X 9 lonQ 22 QPU &2l 22 M 3{85Hs %40 TaLich B M Alzol
L% Ho® B AlZH LHo ZID7} BHEHEIR| 02 4 UALICH Ol8 S04, QPUE AIBE 4 81t
740

ez

ZZ EtYotR 277 BrEtELC

o

« poll_interval_seconds¥Xt 20| 2 E|= Pl Lt 2C|ME A|ZH|0|E2F QPU & x|of
M LR 2o MAE m A EHE =I5t 7| API 2I5H Braket2 £ &35t= BT & XIHELICH 7|22k
2 1Z=Lch.

Ol HIS7| A2 & AI8E = = QPU ERlete| 435 &S Z0lotH &LICH olE S0 H7| 7
Xl el 7|1z Bols 7171 A8stR| ZE & J&LITH
drerEl 2aotolle EAF At greEEl Cheb et HIEFSO|E 7 Z'HEILICH OHS B E At8stod H &4

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

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

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

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

Nl Z1t 27|

T XYFon = ghEtEl AU E E &= UELICH ResultType At Y2 3|20 FIHE = MUE E

AlELcH

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

# you can plot the result and do some analysis

import matplotlib.pyplot as plt

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

plt.ylabel('counts');

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

Amazon Braket2| ZAF ZFQd o A|
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bitstrings
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SRl Ext 22 E A -+ A&LICH O HAME 2

AmazonBraket2 A2 35IH QPU
g H0o{ELICt Rigetti lonQ

04
L
%FX'. XI-O-Ic> X‘" E H:él

QP

Rigetti Aspen-M-3C|HIO| A& MEHEE C}

oo
rk

e €12 JEZ & AHEANR.

# import the QPU module

from braket.aws import AwsDevice

# choose the Rigetti device

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

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

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

=

A x|ofl

QPUO] R 2 ME
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6 ['5', '7'1,

‘7' [0, '6'1],

'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}}

2 A= R Rigetti & x|2] 4201 CHEH HE 7t connectivityGraph £04 & LICH
& x|E MEfELICE lonQ Harmony

lonQ HarmonyZ|7|2| B, CtS oflQF ZH0| connectivityGraph 7177} All-to-All AZ 2 M3 5t=
Z 0| ”loq U&LICt ek REM[EH LI 2 connectivityGraph 22 3HX| & LICH

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

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

{'fullyConnected': True, 'connectivityGraph': {}}

QPUO]| X} 2] ME
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Amazon Braket

k&t 7hol=
CHZ oflet 20| 7|2 B o|ele] | x|E XI'H5t7|2 MEdEH B2 shots (7|2 45=1000),
poll_timeout_seconds (7|24} = 432000 = 5¢), poll_interval_seconds (7|24 =
1s3_location) & ANt E XEE S3 HZ () & /IXIE =HE = USLICH
my_task = device.run(circ, s3_location = 'amazon-braket-my-folder', shots=100,
poll_timeout_seconds = 100, poll_interval_seconds = 10)
lonQ2! Rigetti C[HIO|A = MBE 228 ZZfo| HO|E|E HO|E MEZ At8 Hut st T4 qubit
QIHAE 7 QPUL| 2| qubits Q1% A0] DHZBLICH
(@ Note
QPU ClHo|AE 0| MgtE[o] J&LICH T o T2 5™ 7| Alzhol  ZolE = A&
L|Ct.

AmazonBraket% % M7tAM 7|17 LHoAM QPU X| 2Hede AlsHE! _¢_ olx|at B E st o|O|E{Qt |
EbCH OB 7} A{&d8t S3 HZlol| ot X o 2 XA LD Z oHAXE
&GLICH oS A =|01I)H £ 4 X0l 18 4x A IDE AS

=
ST + A&LICH

i

27 AISBOlEZ YRt A A3

= O

Mast Z2EEO|E WEIAEE 9/o AR &g 22 AISH 0B B B £ AUaLIc 0] A

=10 45 2 280l HAAZ|2 2 Amazon S3 ?IX(E XIEE EHR7t glgLct. 2= Mol

Y Atk o 22 A[ZB0IH|M SR Brds alFstE{™ shots TH2O|E{RF X[ st oF & LIC
® Note

22 A2 0|E{7} BT & Q= AldH &

2 T A =

o
30|Lt 24 st=9|o] AFFo] k2t CHEL|C

2l Z|CH <~&= Amazon Braket = ES QIAEA

qubits

OS BE2 25 SYstH Bl HE (=0|= Z2|) 24 AEd0[EHE QUAEASELICH

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

24 METOIEHZ RF 2 MY

= o
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JHeER 7Hol=

device = LocalSimulator()

device = LocalSimulator("default")

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

= T

0jo
ajo

2 AH835to] LRt HUS A-AELICH

[e]l]

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

2Z 2k HEZA (0|X) A|ZHIO|EE QUAEAFET|

LICt.

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

=4 AMEololEolM &Y RHIE &H

=4 &e 4H

A
A A 2= E K|

o1|§ Eo{C}=2 I EMHE2FH|IE S2E DH=E 1 O
ZF7t5t0 3 Hml| FHIED SHE = QU&LICH

# 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)

El measure HHEE 3|2 20

Z2Z AEHO|E2 ¥AF 2Hod AlSH
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Ut ElAT HIE

HEH E AT HiE2 22 AIZBI0IE{E M 2l8 2 E Amazon Braket 7|7|0M AL & 4= d&LICH &
Z X2l 2C|ME AZ80|E (TN1EE=SVT) M A= AL ol §5] S LICH o8] &
A EHE HEE MElg = U7 MELLICH chget At 2 YE d™ete ol =20| E|=5 Amazon
Braket2 o{X| = ES S M3 gLICt

Lz XM2lE Sl FAt 2US HHEE AIZE = A&LICH o & S0{ 10742 EXt 2Fdo| ER3stn 0|
o3t SR 2ol 327t ME SEIXMo|2tH U MElE AH85te [0l EZ&LICH o|FE A st CHE
40| A|ZFE|Z| Mo stLte| At 2ol =2 E W7 K| Z7|CtE He 7t i&LICt

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

ME[of CiEt 2ot AR HEIF Q= Quantum 24 2Z *{2|oi| CHEF GitHub
1= &= 5HAAID.

(o e

AEMEH L2
Amazon Braket 0{| K]

- 7J|BMo=Z AR EHAT HIER2 A EHATE 25 AT SHHLE A EfA T IF 3 AlTHEL|C)

« 34 qubits for SV1 2t Z0| @2 A E[= LA &S UH X6t H[EO| Eio| & &= /&Lt &
B AL EHUZ ARSI ™| run_batch &% 242 Fo| ZH CHA| B H 2 QISHMIR. withe A
StX| TN1 &f= 0| EZ&LICtrun_batch.

o TN1AIN S 2|5{A EHA 2o 2 QI5H HIEO0| e g = U&LICH (AFMIEH LEE 2 TN1 M & X)),
XS MAE= HIEE 7I5AZE = /IS E A8 Al L& ME[2| 'max_retry' & 022 HH3I=

730| Z2&LICH TN1 (Quantum Task Batching, 1863t £ X).

LA EfA 3 HIE & PennylLane

CtZ oflet Z 0| Amazon Amazon Braket & X|& QUAEIASIE parallel = True [ A& 3t04

PennyLane Braketol M ALEE [ L& MEIE ESHAAIR.
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https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/aws/aws_quantum_task_batch.py
https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-examples
https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html#braket-simulator-tn1
https://github.com/aws/amazon-braket-sdk-python/blob/4c7c3b28e5a17b8f0cddf94377b7734fcbe2ebfc/src/braket/aws/aws_quantum_task_batch.py#L186
https://github.com/aws/amazon-braket-sdk-python/blob/4c7c3b28e5a17b8f0cddf94377b7734fcbe2ebfc/src/braket/aws/aws_quantum_task_batch.py#L186
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device = gml.device("braket.aws.qubit",device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/svl",wires=wires,s3_destination_folder=s3_folder,parallel=Tzrue, )

U2 XMe|oil CHEE AEMIEH L8 2 & AF 3|2 0] ¥i2d3| Pennylane Z|MEHE & ESHAAIR

l]"'

EHA 3 HHZ! 2 mlz2tolEsHE 3|2

MPEPDIHSPE._ 325 Zests A A Y HIX|IE MEE W list XIS ZE LAF 2ol ALS K
= inputs AP‘._*% MEstHLE =3 Mg MBE =+ AU&LICH 0l 32 ChE o2k Z 0] - AFH O]
-l 2dnt ¥ 2 olELICH i

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

# create the free parameters

alpha = FreeParameter('alpha')

beta = FreeParameter('beta')

# create two circuits

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

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

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

# use the same inputs for both circuits in one batch

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

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

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

B oetHER 3|z (3 A S5 EHlstod LAt HY HIX|Z MEY = U&LICH ol N
7Hel 22 AtTo| /= B2 Hixlol= N7He| AF 2fedof e ELICH i-Hm R X2 i -Hml &
= AT E AF8sto A™AEl=E 3|20 SR LICH

from braket.circuits import Circuit, FreeParameter

LAFEHAZ HIE
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https://github.com/aws/amazon-braket-examples/blob/main/examples/pennylane/1_Parallelized_optimization_of_quantum_circuits/1_Parallelized_optimization_of_quantum_circuits.ipynb

Amazon Braket TR 7H0|E

# 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 22| A% (M ALEh

Amazon Simple Notification Service (SNS) & S35l & &2 M%5t0{ Braket & =r¢do| 22 E [}
| b

Amazon 2 EE gE = USLICH & LE2 EH7| AlZto| 4o Wz dl¥ Els 32 RSELUCL
& So{ O 2 &t HUS MEst7HLE ClHtO|AL 7HEE Z|ZHo] X[t = A & UE MEE
FEELICH & 2ol 2tz E WkR| Z|CHE[ K] E£9E4.”_=| SNS &g ddg + A&t

C

AmazonBraket tE£2 A& A E oHLHELICH XEM|BH LI 2 Amazon Braket oAl GitHub & £ 3]

= O %
oel MBS 93t ofFl ESS ATSHAIA

to

A== B2 228 QPUM X|5t= HIOE|E 7|0|EZ HEtstE X
I Zol MEE A= Anpdstior §LICH dA HutUE £22 dAsts W2 ClHE SMe= of
? RBE £ U&LICL o2 ZEE ALB 501 F OQC & &| Rigetti 250X 0| B|ZE £ + &L
Ct.

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

task_result = task.result()

compiled_circuit = task_result.get_compiled_circuit()

(@ Note

= ZutUE lonQ HX| B[ EE & = i&LICH

OpenQASM 3.02 2 3|2 E A AAI.

AmazonE 222 O|X| HO|E 7|8t FX X & AZB0/HE I8 OpenQASM 3.0 K| EfLICH.
O ALE Xt et M= ERto| M X[26t= OpenQASM 3.02] 5| &l&rof CHEt MEE M3 &Lct. of
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https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-examples/tree/main/examples/braket_features
https://openqasm.com/
https://github.com/aws/amazon-braket-sdk-python
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X Hepzl 1 ZHe SDKE AF25604 EEHE 3|2 2 NIE 7L Amazon Braket APl 2! Amazon Braket
Python SDKE AF&3l0{ 2 & H|O|E 7|8t CIHFO|A M| OpenQASM 3.0 EXtEE | AMS 350 EHE}
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 CI 8t Braket C|HFO|A 0 M OpenQASM A} EX
|
+ OpenQASMEZ AlE35t0o{ L O|ZE A= 0|MstAAI.
+ OpenQASMOIA = F0{% AU AUS MEFHAAL.

+ OpenQASM EXIE SHZASIMIL.
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o
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EE$t 0| @HLH M= Braketol M OpenQASM 3.0 2 T3 E = U= §H stE9of & 7|Sof CHEt &
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« @ZQASM 3.00|8F FdL|7}?
« 2EQASM 3.02 At EBdHof st= B
« OpenQASM 3.02| 515 &4

c MM =

« HEtZE 0{FH OpenQASM 7|52 RIRSHLIR?

+ O Xl OpenQASM 3.0 ZE EfA 3 N8 L NME
o CFst 2243 C|HFo|A 0 M 2] OpenQASM X|&
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https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/developerguide/braket-troubleshooting-openqasm.html
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S ZQASM 3.00|8F FodlL|7t?

HEE LR 0l E 2l 2104 (OpenQASM) =

A Zdel3 0|0 HOIE 7|8t X2
AE Rt SR AL T QAE Fd5t
. O|™ T2 OpenQASM (2.0) £ 042 X
£ ol A8 EIQ& LI

A HHEO{E Tt S7F £FRILICE OpenQASME2 2
2 2| AL ELICE OpenQASME &
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7
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>

M EHZ12| OpenQASM (3.0) 2 %|ZE ALt QIE{H| 0| A9} SHES 0] MH Qo ZHo| ZAXI S sHA 37|
?lo HA i o], Ho|E Efo|Y & 7|E AMo{ =& 22 Bt 7|
X

2 =Eect X HA 3.000 CHEE MR HE 2 AFF2 OpenQASM 3.x 2HO|E AFRFOi|A{ 2 QIE
& Q&LICH GitHub OpenQASMO| &% JHEH2 OpenQASM 3.0 7| -8—5 21337t g2l

OpenQASM 3.0 7| 2Y 2 &= IBM, Microsoft, QIAE S 3 CHstw ot &7/
&LICH AWS

@ EZQASM 3.02 AFEEHoF 5l= AL

OpenQASME O 7|EIx{0f| S EtEIX| b= MHe-E&E MO8 Sall At T2 a2 X|Hst= EFHAQI
ZH NI E MSStER of2] Ho|E 7|gh T X[ M AFE ST [0l Z4EEFLICE OpenQASMO]| CHE
Braket X|H2 Sdll HIO|E Z|€F LAt 1 2|F 7ol CHEt M Ao = RHEHO| 2 CHE|0 A
X7t o] o ¥ 0oA 2to|EHEHE|E i1 | X ZElE 2RIt Eo{sLct

OpenQASM 3.001 7|Z =2 13 2to|E 2|7} e B O
Braket1} %*771| ANEE = AUEE ZHE £ °'*L—| Ct. Egt

OpenQASM 3.02| 2t 5 & 4|

E2tZ1o| OpenQASM 3.00| CHE X[ Aol &7t 3t SUE 7|52 MBS LICE &, Braket2
ArEote tEQ 0] &R L 2C|HE AZHO|E{AM 3R] & E = U= ZE U2 Braket2 AIE
5t OpenQASMR E =& = U&LICH API 34Xl Brakete| X0l 2271 SZEl= YA KA
HtAlo 2 D E HO|E 7|8t & &[0l OpenQASM EXIUE EIX Z 26104 OpenQASM 3.0 Z2 1S
AlSEr = Q&LICH 223 AL XH= OpenQASM 3.02 X|5HE EFAL BHO|EEHEIE S&EE = §
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https://en.wikipedia.org/wiki/Intermediate_representation
https://github.com/openqasm/openqasm
https://github.com/openqasm/openqasm
https://aws.amazon.com/blogs/quantum-computing/aws-joins-the-openqasm-3-0-technical-steering-committee/
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M Z=A

—

Amazon 22710l A OpenQASM 3.02 A& 5t24 Amazon Braket Python A 7|0F v1.8.0 EHZ& 1}
Amazon Braket Python SDK v1.17.0 O|&F0| Qlo{oF &FL|C}.

HEIZIE XS AF85tE 82 HetZl2 gdstafioF g LICE Amazon Amazon X|&l2 Amazon Braket
EMSIE X SHAAIL.
HEF2I2 04 OpenQASM 7|5 E R|HGHLIR?

CHS MMolle =220l M X243t E OpenQASM 3.0 COJE] &, BHE & =efaof x|& o] Lot
&LCt.

O M4

« X|E|E OpenQASM H|O|E| |&

K| El= OpenQASM HHE

« HEet2 OpenQASM Z2t10f

« 24 A|Z8|0|E2] OpenQASMO]| CHEF 12 7|s X|H

- X|3El= o4t & 258 OpenPulse

X| ¢ El= OpenQASM HIO|E| §8

Het22 Ch2 0 242 OpenQASM OB &8 & X[ ELICH. Amazon

« HOIE I Z ol B8 A-H A EE 4TE M8 = U&LICH
« rx(-0.314) $0;
« x(pi/4) $0;

(® Note
pi= OpenQASMO]| LE El &f=0|H m2t0|E O|F 22 AFEE = glg Lt

A = 89


https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-schemas-python
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/developerguide/braket-enable-overview.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-enable-overview.html
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- 5S4 HIY (350 OpenQASM im E7[H AIE) 2 OZO0|E &S Hols
78 Zetaotet B ZEtaotol M AL E ‘BJQLIEP.

* #pragma braket unitary [[0, -1im], [1im, 0]] q[@]

« #pragma braket result expectation hermitian([[O,

X| & El= OpenQASM BHEE

=z

rlo

Ct=St 22 OpenQASM BHEES X[ FLICE Amazon

* Header: OPENQASM 3;
- o4 BHIE M
« bit bl;(8S35tH,) creg bi;
« bit[10] b2;(5535tAl,) creg b2[10];
- FHIE Med:
« qubit bl;(SS5tH) qreg bl;
« qubit[10] b2;(8S3tH,) qreg b2[10];
« HHE W QI=A: q[0]
« 212: input float alpha;
- 2™ Arqubits: $0
 ClHto|A0IM X[REl= HIOIE & &'S:
- h $0;
- iswap q[@], ql[1];

(@ Note
& x| X|HEl= HO|EE= OpenQASM % 19| %
EE A&35t= ol Ho|E Mo|7t HR5tHK| et& Lt

- BfA BHE Fof T E 2L K& AT £7[HE X|etx| &LIC
| £

E|2 Ho|E2t Z|X|ZH0

e
I:o
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r
[ul

#pragma braket verbatim

-1im]

b &04

’

x4
A~

[1im,

qubits

011) qlo]

Fx| S| M &2 = &L Ct o|g{&F 7 0]

dxtolE Hlolf

=22l 2 o OpenQASM 7158 X[&5tLER?
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JHeER 7Hol=

box{

}

rx(0.314) $0;

« BIX|IAE ™A qubits &= ™A qubit BIXIAEN 5 U 5 g4,

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

measure q # b;

@ Note

pi= OpenQASMOY LIS E1 4 40|04 TH7HH4: O|B 22 AFSE 4 ¢

=HEk: OpenQASM Z 2ot

gat

4l
A

rlo
inl
mlo

I Z+2 OpenQASM Z2t10f X|ES X|ErL|Ct Amazon

e LO|= Z2{ano}

#pragma braket noise bit_flip(0.2) q[0]
#pragma braket noise phase_flip(0.1) q[0]

#pragma braket noise pauli_channel

« 50{M Zgjof

#pragma braket verbatim

. 71 98 zajaot

712 2 20 /3.
- AEf HIE|: #pragma braket result state_vector
- U OHE=A: #pragma braket result density_matrix

JeiC|HE A A o}

« QI JeliC|®1E: #pragma braket result adjoint_gradient expectation(2.2 *

x[0] @ x[1]) all

Z7lgh A0 /3

HEl2 ofiH OpenQASM 7152 R|etLER?
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« &= #pragma braket result amplitude "01"

F

b

#pragma braket result probability q[@], q[1l]

=.
=-
w8 21 9

o 7|

M

« 7|CHR|: #pragma braket result expectation x(q[0]) @ y([qll)

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

« MZ: #pragma braket result sample h($1)

(® Note

OpenQASM 3.02 OpenQASM 2.0t VS EE|TZ 2,02 AFS5to] 2 Hst 22 Ha3H
Oﬂ)\'l A = A&Lct shx[Ek 2230 M X| 2 5t= OpenQASM 3.02] 7|S0i|= vs, vs &

AAFH R 2 RHO|7F U&LICH qreg creg qubit bit 5 20X Xt0|7t /S 0O|2{&t
AOol= SHIE 2202 K| E|o{oF gLCt.

24 A=l 0|E{ 2] OpenQASMO| CHE 1= 7|5 X[#

HElZo| QPU EE= 2C|HE AIZH|0|EH2| YR E MBS EIX| ¢f= 15 OpenQASM 7|5
LocalSimulator X|HELICH CIE 7|5 S5 2 o MEF X[HELICH Loca151mulator
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Advanced_OpenQASM_Programs_with_the_Local_Simulator.ipynb
https://openqasm.com/language/index.html
https://openqasm.com/language/index.html
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JHeER 7Hol=

X[z 2dah & 2: OpenPulse
K| E|= OpenPulse OB &3
Cal 258:

cal {

oz

|

=.
—.

// 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 {

e

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

=)
o

// prebuilt
waveform my_waveform_1 = constant(le-6, 1.0);
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//arbitrary
waveform my_waveform_2 = {0.1 + 0.1im, 0.1 + @0.1im, 0.1, 0.1};

714 ™ Ho|E ZAe|=8 o] oA

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

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

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

bit[2] ro;

my_x $0;

my_cz $1,%0;

c[@0] = measure $0;

20| HA ofA:

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(gq@_ql_cross_resonance, wfl);
delay[300ns] q@_drive;
shift_phase(q@_drive, 4.366186381749424);
delay[300dt] q@_drive;
barrier q@_drive, g@_gl_cross_resonance;
play(q@_ql_cross_resonance, wfl);
ro[0@] = capture_v@(r@_measure);
ro[1l] = capture_v@(rl_measure);

HEl2 ofiH OpenQASM 7152 R|etLER?
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}

Ol Xl OpenQASM 3.0 & EfA 3 M 2l K|

M

AmazonE 23! 10| SDK, Boto3 == & AFE 3104 OpenQASM 3.0 & E{A3 E HE3I AWS CLI
ClutolAO| MEE = U&LICEH Amazon

Of Ml

+ OpenQASM 3.0 T Z 13 O Al

+ Python SDKZ AIE304 OpenQASM 3.0 & EfA T E MMFIAAI

+ Boto3Z2 AFE304 OpenQASM 3.0 ZE EfA T E MAMF|
« £ AWS CLI A83}04 OpenQASM 3.0 &S AMAIs &= Ql&LICH.

OpenQASM 3.0 ZZ 13 0| A[.

OpenQASM 3.0 AT & 4524 CH S 0dlet 20| GHZ HEHE EH|st= ZHH
Iz 2 % (ghz.qasm) S 2 A|EteH ElL|CI

 OpenQASM 3.0

r°l-

// 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,

Python SDKE AF2310{ OpenQASM 3.0 HE EHAT E MM AAIR

Amazon Amazon Braket Python SDKE AI&35t0{ LIS 2

HE MEL + UA&LICH

N
i
>
oo
Q'I_l
A
T
u
Yy
n
4
S
>.
2
S
E
Hu
I

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

Od| M| OpenQASM 3.0 #HH EfA T MY LU HNME 95


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

Amazon Braket TR 7H0|E

# import the device module

from braket.aws import AwsDevice

# choose the Rigetti device

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

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

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

Boto3E AFE3104 OpenQASM 3.0 HEH EfA T E MHSIAA2.

SEA

Ch= oAt Z 0] 2218 AWS Python SDK (Boto3) £ A& 3101 OpenQASM 3.0 EXtPE S AL 5104
AR EUS MEE =L UELICE OIS I E ALIZ2 29 20| GHZ ¥Ei§ &H|5t= ghz.qasmS
Z gk

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"
I
"source": source
}
device_parameters = {}
device_arn = "arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3"
shots = 100
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braket_client = boto3.client('braket', region_name='us-west-1")
rsp = braket_client.create_quantum_task(
action=json.dumps(
action
),
deviceParameters=json.dumps(
device_parameters
),
deviceArn=device_azrn,
shots=shots,
outputS3Bucket=my_bucket,
outputS3KeyPrefix=s3_prefix,

£ AWS CLI AFE73104 OpenQASM 3.0 24 AMAdsh = Q&LCt

Ct= ok Z0] AWS Command Line Interface (CLI) & AF& 304 OpenQASM 3.0 Z2I2 M E

= &Lt

et

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)

[

CaFst 22130 C|HFO| A0 M 2| OpenQASM K|

OpenQASM 3.02 X|#5tE Hx|Q AL action EEE GetDevice SEE S5 MEZR ZUE K|
4stLIch ol 2 & x|of CHEt CHS ofle Z-&LICEH Rigetti lonQ

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

"braketSchemaHeader": {

Chest 22430 ClHto| A0 M2l OpenQASM X|# 97
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"name": "braket.device_schema.rigetti.rigetti_device_capabilities",

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

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

HA Mo{E X[ete HR[e| B2 pulse EETL SHO| GetDevice EAIELICH CHE 0 = Rigetti

21 OQC &%|9| 0] pulse EEE Eo{FLICH.

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

CHeFst Hak3 ClHFO| A0 M 2] OpenQASM |2
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"version": "1"

iy

"supportedQhpTemplateWaveforms": {

"constant": {

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

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

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

"supportedFunctions": {
"shift_phase": {

"functionName": "shift_phase",

"arguments": [
{
"name": "frame",
"type": "frame",
"optional": false

"name": "phase",
"type": "float",

CHeFst Hak3 ClHFO| A0 M 2] OpenQASM |2
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"optional": false

]
iy

I
"frames": {
"q0_ql_cphase_frame": {

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

},
"supportsLocalPulseElements": false,
"supportsDynamicFrames": false,
"supportsNonNativeGatesWithPulses": 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"
I

"supportedQhpTemplateWaveforms": {
"gaussian": {
"functionName": "gaussian",
"arguments": [

CheFet E2k31 ClHo| A0 A2 OpenQASM X |2 100
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"name": "length",
"type": "float",
"optional": false

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

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

"name": "zero_at_edges",
Iltypell: Ilboolll’
"optional": true

]
iy

I
"ports": {
"channel_1": {
"portId": "channel_1",
"direction": "tx",
"portType": "port_type_1",
"dt": 5e-10,
"qubitMappings": [
0
]
I

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

CHeFst Hak3 ClHFO| A0 M 2] OpenQASM |2 101
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},
{
"name": "frequency",
"type": "float",
"optional": false
I
{
"name": "phase",
"type": "float",
"optional": true
}
]
},
},
"frames": {
"q0_drive": {
"frameId": "q@_drive",
"portId": "channel_1",
"frequency": 5500000000,
"centerFrequency": 5500000000,
"phase": 0,
"qubitMappings": [
0
]
I
I

"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

[

O™ E=oi= Ch& LH& 0| AtM|5| dFE|o] Q&L

CHeFst Hak3 ClHFO| A0 M 2] OpenQASM |2
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RIGE ZEO| B 44 ololE QPUOY MeiE! O/2] BHE 017! 9|8 (extern) & &l ZEof Chah A
FLICH O TX0 LI@E 2 ZEE A8 7L ME# OpenQASM 3.0 T2 Lol K& 8 Al
A2 0/2 MetEich ZE 0| £7} £448 Cham ZaLo

- ZE D (ZE D)

« OpenQASM 3.001|AM A2 MOIEl X E O|F LCH.

il A (2™ & oA (&e Al
L|C}.
. ZE 9% (LE £F)
- O| ZEJI HY 5t S& 7 (0: E2I0|E, X &= ff- AE EHA)
- Dt (dt)
- XHE ZEQ| B ME EfAARIE LIEtU = AlZh (X) LCh.
- FHIE O4E (FHIE OHE)
- XHE ZEQ #HEl FHIE
- 54 Fots (5Y Fubp)
o ZEOIM A MOAE|HLE AFERIVF Holft 2 & =2 lof CHt 23 B4 Tt S5, AHAIEH LY
g2 TS XA
« QHP §7 %9 (SpecificPropertiesghp)
- QHP ™& ZEof CHet 7|E &£ KMl6| dE5t= MEIR] Wl |Ct
I

QPUO| MAEl O/2] BHE {7 Q| F =Bt =By ol CHEF 2H2d Sdof CHall M- eIt o] X0
+°45I e EHI?:!% AEXF7H ME8H OpenQASM 3.0 Z2 I3 Lo R &8 AlextZ Ol2] MA

« ZHYID (=AY ID)
« OpenQASM 3.001|Af AlHEXI 2 MeAEl Z Q] O|F LCH.
- ZE D (XZE D)

« Zjol AZEE st=Hoi ZEL|CH

f EIH}OI/\OﬂA‘iOI OpenQASM x|°4 103
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- B IS (B R0
. ZEY Foi4 C{dE o] SAQLICH Yoz TR SY Fui4 FHo| SH CfZoz
o RS 4 QaLich mekd Fob ZHE B4 F4o| xIE W Hel Lol | IElodof
LiCh A3 oi7f 4ol THAE Ztg B + st
- I 0|= (H0|x)
- Tl 7|2 =7| BAILICE
« 0{AA|0fO|E|= HO|E (0{AA|0]O|E|= H|O|E)
- XEE Z|dat 2z E AHOIE.
- FHIE 04E (FHIE 0§Z)
. ZO{T YD} BUE FHIE
« QHP &% £/ (ghp) SpecificProperties
+ QHP T8 Za|of Ci#t 7I1E S442 AHAIS| MWt Metx] geluict,

SupportsDynamicZ 24| :

OpenPulsenewframe® +& S8l cal == defcal ES0IM ZY S MOE = UEX| {EE M
BerLICt O] 20| false@! B2 Zo|Q] =0 LIEE =Bt T2 33 LI M AFSE &= JU&LCH

SupportedFunctions:

o= Rl x|l &

X|HEl OpenPulse Q SR 2
At RS AIL. ¥R Braket2 CH22 X[H

-
LICt. OpenPulse
grLct.

FA A A 5 =S
2ol pedols, Q14 98 9l utE 9
A s

I8 o & E24™ OpenPulseAlY
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. M Zpjeo| ZtS HIE BXK|AEZ HHatEhL|Ct.

SupportedQhpTemplateWaveforms:

x| AIEE £+ Qe A HEE 03 & S&of EHOH MHEELICH 7|[gMe 2
Braket Pulse= Ct=21} Z

A
a4

Constant(t, T,iq) = iq

def constant(length, iq)

7t Al

Gaussian(t, 7,0, A =1,ZaFE = 0) =
A

B ErEay) [exp . (t;%)z) — ZaE * exp <_% . )2>]

20
TE IOl Zo|, E 7IRAL £ o & ICH A ZaEZ True H¥stH 7t A0 2= M E|T
ol AlZtnt 2014 00| |31 Z[CHZL O

u}
5_7|7|. xx-IEIL_||:|._

4O H

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

Eeja 7t Alet

DRAG Gousianll 0.0 A L 7a8 ()

2
; ) oo (-1 (F) (-1 &))
exp | —5 — ZaE xexp | —% (&

l—ZaE*exp(—%(%)Q) ( o? [ p( 2 o p 2 (20)
T mEo| Zo|, & 71RAQ| Z xf matilE, o & FEQLICH B A ZaER True M5 B 7
OlEoi o8t Ol &7 (DRAG) 7H2 Aleto| mHed ol Al=tD} ZojlM 00| Elo AlK| 2&0| 2|chol| =& 5t
T8 2z ME|7 20| Z™ELICH A DRAG T of CHEt ARM|EH LHE2 2F &t
M7HE 28t B TA =22 FXstAAR.

82 o3t HIME FHIES| LA

def drag_gaussian(length, sigma, beta, amplitude=1

, zero_at_edges=False)

Crefet ae

=

k2 ClHEO| A0 M 2] OpenQASM K| 9
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SupportsLocalPulseElements:

IE I oEL LS HAQAE EE HRE ZZHE HOlg = UeX| 08 E MHESELICH
defcal 4/0| false 2l AR QA E E5 CHRIZ cal HolsloF g LICt.

H|HO|E|E HOIEE H
FHIEQ| HO|IE ARE
defcal AIEE £ &

= U&LICH

A ZZ O B ALEE £ UEX| IR E MHEILICE o€ S04, AIEE
™ x| oto O|H HIO|EXH UIO|E|E7} ot HIOIEE
A 7|50{M HO|E|E HO|E nativeGateSet 7| EE 38

ValidationParameters:

CtS2 Z&etod HA 4 HAS FAHE dYgLIct

- IOl z|oH AH /x| TF 2F (el & AR XE)
- M3 &4 Futso| 2|0 Fots CHEE (Hz)

o E|A ™A ZOIR|S AlZH(X)

- Z|Of HA ZOl/X|E AlZhH (X)

OpenQasmoil M X[HxlE &Y, 2ot & 21t R

Zt 2 x|7F R[5S OpenQASM 3.0 7|52 &QlsiedH & x| 7|s &2
braket.ir.opengasm.program 7|& &ZX

5t
= =
oM AL E = U= Kl2=le Y & 20t 82 O Z4&LCh SV1

1o
Q
(@]
+
=
@]
>
1z}
In
=)
39
rir

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

iy

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

ey,

cz",

"

i

"iswap",
"pswap",
"phaseshift",

rx",

ryll ,

rz",

Sy

"si ,
stap",
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

"requiresAllQubitsMeasurement": true,

zZ
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"supportsPhysicalQubits": false,
"requiresContiguousQubitIndices": true,

"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

CHeFst Hak3 ClHFO| A0 M 2] OpenQASM |2
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}I

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

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

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

OpenQASM 3.02 2 L O|ZE A[ZH|0|MsIAIAI2.

OpenQASM3Z L O0|XE A|Z2/0|M35l24™ pragma BHO{E A8 3504 L O|= QIMALE FIHE LIC.
0§ £0{, O|Fof| MIBE GHz T2 1340| F30| B2 HXE A|E8|0]|4M5t2{H CFS OpenQASM

&% 4+ YsLich

Z=zIMs MNEE

// ghz.q

asm

// Prepare a GHZ state

OPENQASM

qubit[3]
bit[3] c

h qlo];
#pragma
#pragma
#pragma
#pragma
#pragma

C = meas

N

o

3;

q;

.
4

braket
braket
braket
braket
braket

ure q;

noise depolarizing(@.75)
noise depolarizing(@.75)
noise depolarizing(@.75)
noise depolarizing(@.75)
noise depolarizing(@.75)

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

Tle 2E Zetant L O0|= MK ALY 2 CFE S50 Liek A&LICH

OpenQASM 3.022 = O0|ZE AIZHI0|M3IAAI2.
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braket
braket
braket
braket
braket
braket
braket
braket

#pragma noise
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
<qubit>
#pragma braket

noise
noise
noise
noise
noise
noise
noise

noise

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

<qubit>

phase_damping(<float in [0,1]>) <qubit>

#pragma braket noise kraus([[<complex m@_00>, ], ...], [[<complex ml1_0@>, ], ...], L)
<qubit>[, <qubit>] // maximum of 2 qubits and maximum of 4 matrices for 1 qubit,
16 for 2

A 218 0|
JoteA GINAHE MASEIH B S22 HHEsol $UO| %4 Q48 B EHASE QMY 4
A& LCt.
Kraus Q1AHALE AFEE e CHE AR E 7|AH5HA AR,
« === qubits 28 = = ei&LICt A7|0to] FAH Hol= o] MEtE d™ehLict.
+ Ql4 S= 0| ZIol 82| 4040k BHLICH &, 2x2 HHE B T AIE|0fof BHLICH
. 3 ZOIE 2*num_qubits W& 27HE ZE0HE 4 Y&LICH = 10]= st2d 47H 20= 1671 s2d0| o)Lt qubit
qubits
- MSE 2E W2 2H &8 FH EE (CPTP) YL
o MR SHES ZEE etRA MKt 22 CfotH B ™ol E = A&Li
QubitOpenQASM 3.02 Z C}A| Hi 4
AmazonE 22 Rigetti 71712 OpenQASM LI M E 2|5 qubit E71HS KIS LICH (REMIEH LIS
2 o| Ho|X| & Zx). ZHEH8F RHHHM qubits TEF S 2 E2|M %2 F%%FE B MESE FR[of 42
Zlo] =X = RISHAAIL. qubits EE= qubit BIXK|AEE CHA AFE5tE ZES PARTIAL A{HH4 TEFO
ClHto|AOIM 72X o 2 g A3HEILICH Rigetti
// ghz.gasm

// Prepare a GHZ state

OPENQASM 3;

QubitOpenQASM 3.02 2 CHA| HiM
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https://github.com/openqasm/openqasm/blob/main/source/language/types.rst
https://github.com/openqasm/openqasm/blob/main/source/language/types.rst
https://pyquil-docs.rigetti.com/en/v2.28.1/compiler.html#naive
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h $0;
cnot $0, $1;
cnot $1, $2;

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

OpenQASM 3.02 A3t 5043 Aot

Rigetti, OQC, & At&sto] FAt AFE{0M At 2 =& ™S

HolE T2 Y& st H At S XIAIE = AU&LICH lonQ Of

Rigetti §X|E AI8stH TA| 2|z = EY FER EZE CHe S HE A
0

O|EX EHEOIHESZ{H EE Q
m]

T = 2fL/CH
CHa 504 OQC HutUEt X|Hst2 =2 3[29| BRE BHE Fo{ & Xtof Fofof g LICt lonQ

O

OpenQASME ALE35tH stERI0{e] MHe=&E 2 4
AR F=2lof FoiMel ZeiantE XHE = U&LICH O F ZE oK & MA85ts HHE EoiEL

Ct. #pragma braket verbatim

OPENQASM 3;
bit[2] c;

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

c[0] = measure $0;
c[1] = measure $1;

M

of Hmt dof CHEt XEMIEH LHE 2 Verbatim MY ME T ESZ H XS AL,

|

a2
2H 24

_|_

OpenQASM 3.0 EfATE AIEE &= U2 EEtZ 2& LHol| M #2lE = U&LICH Amazon 2£0f
MeE 7|18 ZAF =S MEE ufet obEH7HX|2 OpenQASM 3.000 A XA 2td2 MESH B80S
ghulct

s
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Verbatim_Compilation.ipynb
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=7} 2lAA

OpenQASM2 2 E HEl3! x| M AF & = Q& LICH Amazon

H2tAol A OpenQASME A% st7| @8t OX| = ESE2 Amazon Eeti REE(UE HESFHAL.
GitHub

Amazon Braket2 OHEZXQIE A5t &S AFE5I0{ RC|HE U 24 AE2|0|E 250 M
shots=0 (H&eh Z=o| HF EFP%M&PWNﬁgﬂMﬂJNEH%
otof Alftsted= JeiC|MEE

OPENQASM 3.0;
input float alpha;

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

h q[o];

h q[1];

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

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

#pragma braket result adjoint_gradient h(q[@]) @ i(q[1]) alpha
I Zt0/EE JHEMo 2 LH@dst= CHal all ZafjaotoM X|1He == UA&LICH O|F A otH Lt
|. ot

E 2 E input Oi7H#E 0l CHEF 7[2 7174 AlMELICE Ol= meto|H 7t o< B wf Helg +
A&LICH o] d¢ Zetanhe CFE o2t 2ol EAIELICH

#pragma braket result adjoint_gradient h(q[@0]) @ i(q[1]) all
JHE LKL BHIM &, |20|E SXHE §2 £
n(

oA
E Hl4tst= o A8 E QI4HR= expectation
HIEE X|&aHoF &LCt.
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Getting_Started_with_OpenQASM_on_Braket.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Getting_Started_with_OpenQASM_on_Braket.ipynb
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OpenQasm 3.02 2 E% FHIEE SHELICT

= OpenQASM ZZ2 1M MES

L =
EolME 27HIE &[2E Bt & Hm| FHIER FYE + AU&LICH

partial_measure_gasm = """
OPENQASM 3.0;

bit[1] b;

qubit[2] q;

h q[@];

cnot q[0], q[1];

b[@] = measure q[0];

5 7He| FHIEJ} q[1] U}UXIBt q[0] 047|MH= FHIE 0Bt FHELICH b[@] = measure q[@] Ol
M 22 dEli HE| A|IZ2I0|EoAM S 2 A-E

Altigfolct

from braket.devices import LocalSimulator

local_sim = LocalSimulator()
partial_measure_local_sim_task =
local_sim.run(OpenQASMProgram(source=partial_measure_gasm), shots = 10)

partial_measure_local_sim_result = partial_measure_local_sim_task.result()
print(partial_measure_local_sim_result.measurement_counts)

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

2xlo| 5= £40M requiresAllQubitsMeasurement ZEE ZHAISto{ & k|7 HE SXE K|
HIt=X| 4R E &IE £ U&LICH XHEls 849 28 5H0| X|HELICE False

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

07|z 2E FHIEE EHE e &2 LIEIHLICH requiresAllQubitsMeasurement

False

QuEra's Aquilag AF35104 Ol 20 T2 IS NMESHAAIL.

Ol HOIX|= Aquila BHAI2] 71550l ChEH ZL QI 2 ME MBELICH QuEra 047|101 CHEE M At
$e CHET Z&LICH 1) TEHOIEISHE SHLT A AIB B0 MAquila, 2) AHS Z2 1% H7HH=, 3)

=2L1L= "1

OpenQasm 3.022 EX FHIEE S gLICH 113
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AHS ZDt LI 8, 4) 7S OH7HH=. Aquila Ctrl+F BIAE HMZS ALEsto{ 20 2rAE Of7fH~E 3
£ o] E&LcH
SIS

Of Aquila Z|HlE 7B Moz CtEn 22 (Alzholl et Ee2tX]E) sH2E QuEra SEHE AlEC0lME
LICE.

N N ﬁ. 1
H(t} - k=1 H arive, .1.,( ) + Z_I,;zl Hioeal detuning k (t) T ZE Lel Vidw .l

@ Note
EZ C|R o] CHEt HAMlAE A3 7|50/ 2F Al Braket DirectE S35l 0188 4= &L
Ct.

o17|M Z =52 o321 Z &Lt

* Havex ®=("Q () e Vs _+ 10 (t)e "I CRLL ) ok
« Q(t)yE AZH 2 22 5 TIE (Rabi FOt4aEt 1T &) 0|0, BFRIE (rad/s) &ILICH.

. () E AT IE 22Y Ie |H 2tCfeh Ehe2 Lo
S9SE .\ 2 JKPKOIA‘E o2 2 e AMRALICH (ZIF |1#=lg#, [ty=Ir |, S=lg| 1, S=(S)t=Ir] g -+ -

0>'

1A ke EI=HI2| AEfof CHE F %i' ALREULICH (ol n=|r | r|)

e

. kn%
* Jocal detuning,kH (locait) =-A (t) h n

* Ajocar (1) £ 24 Fut= 0|52 Azt 55 X |'§, ChHe (rad/s)

« \hi= AHOIE B QIXIE, 0.00A 1.0 Ato|e] R RHH +=lL|C}.

V vawk, =Ce/(d) 6 n 0, i ‘

« ¢C (rad/s) * (m) "6 T2 EA|L|= Bt CI2 LA AL
(@)

HEA C
« (d= O/ 222 S §xt ket 1 Atole] R E2|= HEIJLICH
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-experimental-capabilities.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-direct.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-direct.html
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- Q (), AlzZtof (2 2 2 Y Rabi b=, EHR| (rad/s)
. (t), AlZtof [HE S 2 2|4, B2 (rad)
A giobar (1), AlZt & 22 CIRE, B9 (rad/s)

* Apcal (1), ZE CIRE 722 AZH B (22Y) 7l B2 (rad/s)
AOIE &

. h, 2L CIFE 729 (H™) AtO] Z QIR 0.001A1 1.0 AtO|Q| 2RI &=
® Note
AN8Xt= #HE =& (0l: S_, S;, n Y4tR7F - E]) O|Lt Rydberg-Rydberg &% =& A%
, _

He AHS Z 203 A 7|0}
Braket.ir.ahs.Program_v1.Program Z4x| (0i/ X))

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

),
hamiltonian=Hamiltonian(
drivingFields=[
DrivingField(
amplitude=PhysicalField(
time_series=TimeSeries(
values=[Decimal('0'), Decimal('15700000.0'),
Decimal('15700000.0'), Decimal('Q')],
times=[Decimal('Q'), Decimal('®.000001'), Decimal('Q.000002'),
Decimal('0.000003')]

HebEl AHS =2 33 A 7|0} 115
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)I

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('Q'), Decimal('25000000.0'),
Decimal('25000000.0'), Decimal('Q')],
times=[Decimal('Q'), Decimal('®.000001'), Decimal('Q.000002'),
Decimal('0.000003')]

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

JSON (0d|A))

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

},
"setup": {

HEZ AHS T2 324 A 7|0}
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"ahs_register": {
"sites": [
[@E-7, 0QE-7],
[QE-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],
"times": [QE-9, 0.000001000, 0.000002000, 0.000003000]
},
"pattern": "uniform"
},
"phase": {
"time_series": {
"values": [QE-7, QE-7],
"times": [QE-9, 0.000001000]
.
"pattern": "uniform"
.
"detuning": {
"time_series": {
"values": [-54000000.0, 54000000.0]7,
"times": [QE-9, 0.000001000]
},
"pattern": "uniform"
}
}
1,
"localDetuning": [
{

"magnitude": {
"time_series": {
"values": [0.0, 25000000.0, 25000000.0, 0.0],
"times": [QE-9, 0.000001000, 0.000002000, ©.000003000]
.
"pattern": [0.8, 1.0, 0.9]

HEZ AHS T2 324 A 7|0}
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[a

setup.ahs_register.sites

setup.ahs_register-filling

&l 2 & DrivingFields [] .amplitude.time_series.times
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.amplitude.time_series.valu

.amplitude.pattern

.phase.time_series.times

.phase.time_series.values

. Ho|=. m{E

.detuning.time_series.times

CIAE [int]
S8 [ME4]
S [ME4]
str
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Z20™ e
ST, =eto|d 2= .C
U, =atoly Be [ CIF

S 2 & LocaldeTuning [] .magnitude.time_series.time

s. times

8 2 & LocalDetuning [] .magnitude.time_series.valu

es

3l 2 &1 LocaldeTuning [] .magnitude.pattern

HIEtHIO|E EE=

EeiZ! 0|2 SchemaHeader

H2}3l {7 SchemaHeader

type

str

str

type =

':E|'O|H| E_lEL—l
2f, BE 22 (1)

str Eztoldl C|&
‘2ol Z7h miE
Delta_Global (t); '=
'oloqof g

EE [ATIF] EHCIREY AR
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EE [MTIF] EdCIRd 729
Azt & 2UXF 2L
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2= (7S] 2ACIRY 7
DOl AOIE B
% QIR h k (2k2
setup.ahs_register
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= o

A 7|0t O|F. 'braket.ir.ahs.program'O|
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braket.tasks.analog_hamiltonian_simulation_quantum_task_result.
AnalogHamiltonianSimulationQuantumTaskResult(0| A])

AnalogHamiltonianSimulationQuantumTaskResult(
task_metadata=TaskMetadata(
braketSchemaHeader=BraketSchemaHeadex(
name='braket.task_result.task_metadata’,
version="1"
),
id='arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-
cdef-1234-567890abcdef’,
shots=2,
deviceld='arn:aws:braket:us-east-1::device/qpu/quera/Aquila’,
deviceParameters=None,
createdAt='2022-10-25T20:59:10.7887",
endedAt='2022-10-25T21:00:58.218Z",
status='COMPLETED"',
failureReason=None

),
measurements=[
ShotResult(
status=<AnalogHamiltonianSimulationShotStatus.SUCCESS: 'Success'>,
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]),
post_sequence=array([1l, 0, @, 0])
)
]
)
JSON (04| A])
{

"braketSchemaHeader": {
"name": "braket.task_result.analog_hamiltonian_simulation_task_result"

’

HE2 AHS EflA 3 2o AF(OF
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"version": "1"
I
"taskMetadata": {
"braketSchemaHeader": {
"name": "braket.task_result.task_metadata",
"version": "1"

}I

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

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

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

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

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

1,
"numSuccessfulShots": 100

HE2 AHS EflA 3 2o AF(OF
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2] At "o type M

Z 7} SchemaHeader HIEHH| O|E{.Act str A7|0F HH
ion.Braket .querMetadata.version

Z 7} HIEHH| O|E{.Action.num Successfu int 25| 83

IShots A QHE
AF =9 Z+olof
gLt

FM (). 4 HEEIO|E. 4F &EY int 4F & Ef (d3,
HE &3, A
o) = “&3"0|
o{oF B L|Ct

QuEra C|HIO|A £44 A 7|0}
braket.device_schema.quera.quera_device_capabilities_v1. QueraDevice7|s (M Al)

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

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

),

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

),

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

QuEra ClHIO[A &4 A (0} 125
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),

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

),

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

),

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

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

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

deviceParameters={},
braketSchemaHeader=BraketSchemaHeadexr(
name="'braket.device_schema.quera.quera_device_capabilities’,
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version="'1"

),

paradigm=QueraAhsParadigmProperties(

# See https://github.com/amazon-braket/amazon-braket-schemas-python/blob/main/

src/braket/device_schema/quera/quera_ahs_paradigm_properties_vl.py

)
)
JSON (0i|A])
{

"service": {
"braketSchemaHeader": {

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

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

},

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

b

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

},

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

b

{

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

QuEra C|HIO|A &4 A 7|0}
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},
{
"executionDay": "Sunday",
"windowStartHour": "00:00:00",
"windowEndHour": "12:00:00"
}
1,
"shotsRange": [
i,
1000
1,

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

},

"deviceDocumentation": {

"imageUrl": "https://
a.b.cdn.console.awsstatic.com/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5¢c5c878/
abcfcb6fca26cflc2elc6.png”,

"summary": "Analog quantum processor based on neutral atom arrays",

"externalDocumentationUrl": "https://www.quera.com/aquila"

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

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

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

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

1,

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

}
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O AMlM:
« O}0}ZE E2I3 Boto3 2EI0|HEE HAMIR
- Boto3 2! ofOtE E2}3! SDKE AWS CLI Z2EZ! 1A

otOtE Eitl Boto3 ECI0|UEE 74M|2

Boto3& Amazon BraketZ}t 74 A& 31240 Boto3E 7t CH3 Broketoll 1Z35t= Ol AHEE 22t

=
O|HEE Hols{oF & LICH. Amazon API CHS oMol M= Boto3 22+0|1E Q| O|F 2 XIHE LICt.
braket
(® Note
Ol Tt 9| 0| Tt o| 32t S 2|8l OpenQASM HE = S E0{|AM MEFEILICE.

BraketSchemas GetDevice APl O| HEE o 2{M A& X} 0| 0|ME

0|4 £ A AlsHoF & LICt BraketSchemas . Braket SDKE= O|E XIS 2 _‘?'__Tii. L|C}.
Braket SDKE A& [ GetDevice &0l OpenQASM ZA1t7I EA|Z|X| ot B2
AWS_EXECUTION_ENV &3 B& M504 ALEX of|0|HMEE Fdslior & == JU&L

Ct. AWS CLI, Boto3, Go, Java,/SDKO|M O] ZtdE +&5t= &2 OpenQASM ZA 1t
E GetDevice BIEH5HX| ot F S0l M3 E 2 E o|ME & ZSHAA|L. JavaScript
TypeScript

import boto3
import botocore

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

O|XM| braket ECIO|VUE 7} MHEIRIS 2 2 Braket AMH|IAWAMH 2HE st 8EE XEIE = YUSL
Ct. Amazon 2% L & O|0|E{of CHEt XFAM|SH LHE 2 API Reference0i A & Q1 = U&LICE.
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* search_devices(**kwargs)
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# Pass search filters and optional parameters when sending the
# request and capture the response
response = braket.search_devices(filters=[{
'name': 'deviceArn',
'values': ['arn:aws:braket:::device/quantum-simulator/amazon/svl']
}1, maxResults=10)
print(f"Found {len(response['devices'])} devices")
for i in range(len(response['devices'])):

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

717 A
* get_device(deviceArn)
AmazonBraketOl| M AL & = U= & XIE HMFHAAIL.

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

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

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

ZIEd EjA T AMASHT|

« create_quantum_task(**kwargs)
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# Create parameters to pass into create_quantum_task()
kwargs = {
# Create a Bell pair
'action': '{"braketSchemaHeader": {"name": "braket.ir.jaqcd.program", "version":
"1"}, "results": [], "basis_rotation_instructions": [], "instructions": [{"type": "h",
"target": 0}, {"type": "cnot", "control": @, "target": 13}]1}°',
# Specify the SV1 Device ARN
'deviceArn': 'arn:aws:braket:::device/quantum-simulator/amazon/svl’',
# Specify 2 qubits for the Bell pair

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

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

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

'outputS3KeyPrefix': 'boto-examples',

# Specify number of shots for the quantum task

'shots': 100

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

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

SAElAT 2227

* get_quantum_task(quantumTaskArn)

KEE St EfAIE HMELICH

# 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'])
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# Pass search filters and optional parameters when sending the
# request and capture the response
response = braket.search_quantum_tasks(filters=[{
'name': 'deviceArn',
'operator': 'EQUAL',
'values': ['arn:aws:braket:::device/quantum-simulator/amazon/sv1l']
}1, maxResults=25)

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

task = response['quantumTasks'][n]

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

SR} Ef AT £ 4
* cancel_quantum_task(quantumTaskAzrn)

AEE SR EHY

1o
)

| A 8FL|Ct.

# 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']}")

n
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« 2E7|: Boto3 MM 7HA| A
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154 24 74 AWS CLIprofile

i
»E
o
—r

ALSAHE Bte= S 7|20| ot Z2EHE F5te WHE MEHSIe X2 0l EM2] He
=L|C Oolg48t FA|ofl CHE XEMIEH L2 CHE 2 & TSt AR,

« AEfSH7]

« AWS CLI At83IEE 748 AWS IAM Identity Center
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Ct. o & S0 ¥ 2 HFEE = U&LICt AmazonBraketFullAccess

2CHAH|: Boto3 M| 7HA| A&

from boto3 import Session

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

(® Note
ol & APl S&}0f profile 7|2 X1t Lx|5tX| &t= X[ 7|E M[&to] /= AR CHS oflQt
Z 0| Boto3 MMl X[HE X[™E = JU&LICh
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# Insert CLI profile name _and_ region
boto_sess = Session(profile_name=profile’, region_name='region’)

Z X|EE 29| B2 Amazon BraketE ALY = UE & & stLtol sliE st Zf (0l:region, Sus-
east-1) 2 CHAISHAAIR2. AWS 2|7 us-west-1

3EtA|: Boto3 MM HE30l & AwsSession
CH2 of|X|l= Boto3 Braket M4 X 7|58t5t1 SHE MMM 7|72 QIAEIASISIE HiEd2 Ho{EL|
Ct.

from braket.aws import AwsSession, AwsDevice

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

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

Ol A4R0| B2 EIH I B B0f WS BE 5404 QIATASHE AusDevice ZR0l LXF HUE RIEEH
T U&LICH device.run(..) SHE C|HIO|AO|AM O|F0{Zl 2E API &2 0|0l X|HEHCLI =
2o AZE IAM XS SHE EEE = USLICE profile
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from braket.pulse import Frame
device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3")
drive_frame = device.frames["q@_rf_frame"]

device = AwsDevice("arn:aws:braket:eu-west-2::device/qpu/oqc/Lucy")
readout_frame = Frame(name="r1@_measure", port=port@, frequency=5e9, phase=0)

ZE
ZEE FHIEE Mojsts UYWAY st=flo] 7A 248 LEHHE AZE90f £43H1LICH 0/8
S5 S=Ri0f TTUME ASAITH 4% B30 FHIEES ZEH6hD BAE 4 AUk QIEIHO|AE
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from braket.pulse import Port

Port® = Port("channel_0", dt=1e-9)
T}
nhE2 Alztol mtet etk Y2 E R 2 ZEOM S E UESIL UM ZEE Sl MEE
RS Ol ALSE + ABLICH B44 S22 Sof I 1HHS KM AL 1 HESS A5t
SIES|o MBUMERE SES Mgsto] @2 XYY = U&LCh

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

Braket Pulset= &4 mld, 712 A mt&d, B 70|

S, o2 Eof o3t O/ X|7{ (DRAG) I} z&tst EZ 1}
E otol=2R{E|E MBELICH ChE oxe Zo| & & Sl It Clo|EE HAstod Mol 22 1
2 = UA&LICH sample

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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T =

go|Ct=2/H #

EOLUMSIEE £HO| e LD IiEE QX 85 ZYo| ERMA
2 FHI|E (‘coaxmon') 22| WAl 2H A5 X

=1L
FEoll CHEr ZhMIEF LI 2 0718 B SHAA2.
O

o | =
cross_resonance_cancellationxl 3H 435 20| €M E | ARAETJE QI {56
E 5

x|
gt Y Axllsto| gt +8E FIHE + UGUCE 7| 2o Fot£ Mol RHIES| M =
ez MYELCH i F4A Aol CHEE XFAMIEE LHE 2 Patterson S8 HZSHAAIL

xE

OQCLC|HIO|A = CIHIO|A 7|52 S8l AAME = Us ZE S5 MIELICh oM dHE o2

D2 AlgEl= 9 HAELICH channel_{N} 07|A {N} 02 E4LIch ZEE FAHAZ| o
ZE Fof Bhel (Wertx) U BHS SEI7| (L 8rx) of Chet QIEimo|A LI 2t RHIEE 3LEo| Ko
2rolnt siLtol BS BEI7|of HHELIL M4 EEE BY FHIE U 2-FHIE T3 9f3 QlE{H 0|

£QlLich 41 ZEE FHIE BS0f ASELICH
dz ™A

7\ME HAZ B3 7tetet d mo{E 751D Rigetti 2 X[0IA] O] HA 222 AlSHS)
% obELICH ¥ mHo{= 3 Hm| FHIEQ| StCtOtE AHO|EC A M| RHIEQM F H

| cnot HOIEER T HEI 2R HIE S[ZQLCH HAR 4%l 4EfE PHE2{H St=E o R E | of
FIEx ol et Eetxle S H7{UEo| EELICH 7|8 HFAHLIES Ar83sto] H0|E
LZAELICEH cnot CHal cz HO|EE 7|BMo 2 M5t 878 T oS Ar8stla Lt

o| oMol MHE B2 FHIE H|O|E|E HO|EE AF235104 Hadamard HIO|EE PHE T HWAE Al23504

HOIEE rx E#ELICt rz cz

I04L

o m

HX{ 23t etol22lE 7HXet EZV&LICt OIA| Circuit EciA Q0T EeiA T 7HK4QoF &L
Ct. PulseSequence

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

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

CH2 o 2, C|HFO|A Q] Amazon ElAA O (ARN) 2 AF&310{ A Braket C|HFO|AE QIAEIASEFL
Ct. Rigetti Aspen-M-3 C|HFO|A Q| Ei|0|0tR 2 E 2™ Amazon Braket & 2| Rigetti Aspen-M-3 C|H}
OlA H|O|X|E & ZESHAAIL.
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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")

Hadamard #|O|E = Rigetti C|HIO|A Q| 7|2 HO|EJ} ot L2 2 HAL BTH AHEE = igLct. m
2tM O|E L U[O|E|E HO|EQ| AHA R BatisHoF B LICH rx rz

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

)
czHO|ES| B Ae|Ed|o|M HAHMM st=E o SS A7t Ol2| Mt mietolH (R, 4&/5tE
AlZh, RI& Alzh) 74 28t E o] mtE g AFSELICH o] 2 of MEELICt q10_qg113_cz_frame
of7|0l AHEE &lo| mtEol x[4l HH2 B AIO|E Q| QCSE HX=stAA|2. Rigetti QCS HHE BHE

I
oo & = U&LICH.

a_b_cz_wfm = ArbitraryWaveform([0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
.00017888439538396808, 0.00046751103636033026, 0.0011372942989106456,
.002577059611929697, 0.005443941944632366, 0.010731922770068104, 0.01976701723583167,
.03406712171899736, 0.05503285980691202, 0.08350670755829034, ©0.11932853352131022,
.16107456696238298, 0.20614055551722368, 0.2512065440720643, ©.292952577513137,
.328774403476157, ©.3572482512275353, ©.3782139893154499, ©0.3925140937986156,
.40154918826437913, 0.4068371690898149, 0.4097040514225177, ©0.41114381673553674,
.411813599998087, 0.4121022266390633, 0.4122174383870584, 0.41226003881132406,
.4122746298554775, ©.4122792591252675, 0.4122806196003006, ©0.41228098995582513,
.41228108334474756, 0.4122811051578895, 0.4122811098772742, ©0.4122811108230642,
.4122811109986316, 0.41228111102881937, 0.41228111103362725, 0.4122811110343365,
.41228111103443343, 0.4122811110344457, ©0.4122811110344471, 0.41228111103444737,
.41228111103444737, 0.41228111103444737, 0.41228111103444737, 0.41228111103444737,
.41228111103444737, 0.41228111103444737, 0.41228111103444737, 0.41228111103444737,
.41228111103444737, 0.41228111103444737, 0.41228111103444737, 0.41228111103444737,
.41228111103444737, 0.41228111103444737, 0.41228111103444737, 0.41228111103444737,
.41228111103444737, 0.41228111103444737, 0.41228111103444737, 0.41228111103444737,
.41228111103444737, 0.41228111103444737, 0.41228111103444737, 0.41228111103444737,

SSSSSSSSSSSSSSSS@l

0
0
0
0
0
0

S © 06 & 6
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.4122811110344471, ©.4122811110344457, ©0.41228111103443343, ©0.4122811110343365,
.41228111103362725, 0.41228111102881937, 0.4122811109986316, 0.4122811108230642,
.4122811098772742, ©.4122811051578895, 0.41228108334474756, ©.41228098995582513,
.4122806196003006, ©0.4122792591252675, ©0.4122746298554775, ©0.41226003881132406,
.4122174383870584, 0.4121022266390633, 0.411813599998087, 0.41114381673553674,
.4097040514225176, 0.4068371690898149, 0.40154918826437913, 0.3925140937986155,
.37821398931544986, 0.3572482512275351, 0.32877440347615655, 0.2929525775131368,
.2512065440720641, 0.20614055551722307, 0.16107456696238268, 0.11932853352131002,
.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, 0.0,
.01)

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

S © © ©O 0 O 0O OO o8

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

ns')

JBiE CHE DL 2R Al wrErELn

CZ pulse duration: 124 ns

OIF| &3 Hols &S AB30f cz HO|EE T4 4 AUKLICH Fof FHIET} sHE efof 2l
HS cz AOIEE Ch4 FHIEQ| 914 BROR THEICH: M 7|3MR. |15

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_rf_frame, b_rf_frame, a_b_cz_frame]

cz_pulse_sequence = (
PulseSequence()
.barrier(frames)
.play(a_b_cz_frame, a_b_cz_wfm)
.delay(a_xf_frame, a_b_cz_wfm_duration)
.shift_phase(a_xrf_frame, phase_shift_a)
.delay(b_xf_frame, a_b_cz_wfm_duration)
.shift_phase(b_xrf_frame, phase_shift_b)
.barrier(frames)
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a_b cz wfmoge

I Bl oM RS ELICH O g
O|SAl7{ RH|IE-FHIE &% 2&E gd5tete AAULICH RiME g2 ZB|Y
S =

= 2 ol ZEo| o3t

2 HZSHMAIR. Fote7t HEtof et FHIE T8 O E fXIkl= BY FHIE =i CHE

L 2 S|MELICH FX9| FHIE of ZTHYU2 ClHo|=E|D QU&LICt ol2{8t 2|4 Hat= AFH|

Ramsey A|HAE Sl EHE|RS M, 047|A-IE =L (Eiﬂ 7|7._F) % Sl StETE HEZ MBS EL
10

|r
bel
o
Io

Ct. phase_shift_a phase_shift_b Zoi¥ zl2 AL&3stod o|2{st EIJHIOI g =

Ct. shift_phase rf O] A|@AE a FHIEQ} J-PE._ | XY EE{I‘?:!Ol R0 ABE[E o Mak &
Sttot= Holl ot MAIL. O|{Et oM e dlst= 24 BH0|E E4A5HX] 2 7| b = LICH.
O|R2 rf L cz ZBYUDH AHE5t= O B W mlof Z2 0| AR LICH RHM[EH LIE2 ZEE S

HZstEAR. .

[0

O|M HA7E = H mo{E BFE EHI7t ZI{&LICH

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

)

print(bell_circuit_pulse)

T :] © | 1 | 2 | 3 |4 | 5 | 6 | 7 | 8

ISR (4= 1) 2o L G770 BB 4 (W 770 O W 7 S S S S P
|

q6 : -Rz(3.14)-Rx(1.57)-Rz(1.57)-Rx(-1.57)-PG-Rz(3.14)-Rx(1.57)-Rz(1.57)-Rx(-1.57)-

T :] © | 1 | 2 | 3 141 5 | 6 | 7 |1 8

O| ¢l m|0{E Rigetti 7|7|0l M M SAICt Ol ZE EES MAHSH QF0| 2ot EICHE ™Mol |25t
M. olg{et H|Zof cist REMIEH LI 2 Amazon Braket 7173 4% 0| X|E R XFIAAI. 4F +E =
27| Hoi| Ao X2 ALE5tod 3|2 & EIAESI0] C|H 0|40 Q

ol E&Lct

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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=2 WA AL OpenPulse

OpenPulse Yt &R} & x|of WA i XM oE X[H5t= Ol AHEEl= 21010/ OpenQASM 3.0 At
O AL ILICE Amazon Braket® OpenPulse OpenQASM 3.0 E312 AF85t0d HAE =M ZZ2 2|

e = JUESF X|HELICH

Braket2 Li|O|E|E OpenPulse BHE0{E WAE E3st7| *Iet 7|2 57t £ E AFEELCH
OpenPulsedefcal(“Zz2[=8|0|M ol o] £ EE-||O|AI_=I% Z71& 4 Q)
.l

AT Mo ez TH e
T = X[HELICH o[2qEt MAES ALEsH0d sl =& 2l Ko B/ LHolA 7|0

T U&LCH

O] of M0l AHE OpenQASM 3.02 ALE3tn = zH st ETHAEE AE5H= OpenPulse 7|7|
oM Bell 3|2 & T8l EZU&LICH Bell 2|l2= R B R H|E 2| Hadamard H|O|EQt &= FHIE Al
ole| HO|EZ L MHE 27 HIE &|Z2tE Mg 7|IYtMI2. cnot cnotHO|EE 71X #HEHS Sl ATt
cz HIO|EQ} Ct22 2 0{7|ME= Hadamard®t gatesE CHAl AL 35H04 Wl A2 Ho|5tZ&LICH o] 2
OME EX|7t cz HOIEE HHsl= o ZHEHE S NS 3HE 2 07| M= Hadamard®?t gatesE CH
A A8 5o H W ™Mot & LI cz

X C|Hto[A 2| LY|O|E|E H|O|EE At&3104 Hadamard HIO|EE Holsl 27l &LICt

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;

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, 0.009058671036471328, 0.0030281044668842563,
0.0008644760431374626, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.03};
}
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;

ql0_ql13_cz_wfmIt&O| X|& AlZH2 1247 MEZ0|MH, Ol Z|A AlZH SE0| 1nsO|2 2 124ns0|
g erLlct. dt

-r-

ql0_ql13_cz_wfmIt&E S mfA
|EA|9=| THIE- -|=-|'*|:||E’k &t

I- e —_— =
S 2 §IE°*LIEP = Xte| FHIE rf EEJI?:I% ClHo|= =1 O'ALIEP OIE-|°F E|ﬂ1|0I7§>8 el =2
Ol EHH|0l A Ramsey AIZAE AHE50{ HHE & e BP0 & Zojgez 2HE & A&L

Ct. shift_phase rf xy AtAIEH LI 2 Caldwell 52 & Z3HAAIL. .

O|X| Hadamard® cnot H|O|E 5 7HE AI235l0{ HO|EE 235l U 1o 3|ZE AME £ ALL
Ch. cz

bit[2] c;

h $10;

h $113;

cz $10, $113;

h $113;

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

HO|E|E HO|EQ HAO| ZEE AL& 30 +4E Bell 3|229| M| OpenQASM 3.0 32 ChS 1t
7F4>LJEL
E H

// bell_pair_with_pulse.qgasm
OPENQASM 3.0;
cal {
waveform ql0_ql13_cz_wfm = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.00021019328936380065, 0.0008644760431374357, 0.003028104466884364,
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0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
Q.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4844398120075447,

.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,

0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
Q.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4844398120075447,

.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,

0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
0.4844398120075447,
Q.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4844398120075447,

.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,

.009058671036471382, ©.02322670104785881, ©0.05128438687551476, ©.09812230691191462,
.16403303942241076, 0.24221990600377236, 0.32040677258513395, 0.38631750509563006,
.43315542513203, ©0.4612131109596859, 0.4753811409710734, 0.4814117075406603,
.48357533596440727, 0.48422961871818093, 0.4843963766398558, 0.4844321964728096,
.4844386806183817, 0.4844396697373718, 0.48443979687791755, 0.48443981064783953,
.48443981190433844, 0.4844398120009317, 0.48443981200718716, 0.4844398120075284,
.48443981200754405, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
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s
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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, 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);
delay[124ns] ql@_xf_frame;
shift_phase(ql@o_xf_frame, 1.1733407221086924);
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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[o] measure $10;
c[1] = measure $113;

# 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",

my_task = device.zrun(
program,
s3_location,
shots=100,

"opengasm-tasks")

IS E AF2510{ Braket SDKE AL 5104 C|HFO|A0|AM O] OpenQASM 3.0 Z21S Al
2
=

2 A AHE OpenPulse
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HAE M504 UIO|E|E HO|Eof HAMATLIC.

5%
-
>
mn
rlo
JIIII
o

M QPUOIM X|5t= WIOIEIE HOIETI O{EH HAZ FHE|I=X| HES] %*OPOF ot
= 47t aaLcH HA ARHAE StEH0 MBS U7 MASHA E-SHR|EH AR R =
L} EX HO|EQ| HWAE AEREISI0] M2 L0|x FTET}

2H Al £ £ Md7lst A
L2 2R A3 E QI ZE2EEE2 HAMY £+ &L

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
StE9I0] 32X QPUE HY7|IMezZ B
SDKE At&35tH |4 AHO|E ZE[Eho|ME &

device.refresh_gate_calibrations()

RX EE£ XY 7H[0|E2t Z2 X|HE HO|E|E HO|EE AMsIE{™H Bot= Gate A2t RHIEE ™Y
sliok ErLICH ol & S04, 00 HE & RX (m/2) & HA 7S AAE =+ U&LICE qubit

>O

rx_pi_2_9q@ = (Rx(math.pi/2), QubitSet(0@))

pulse_sequence_rx_pi_2_q0@® = calibrations.pulse_sequences[rx_pi_2_q0]

H4E ASs0] ZE{ZE 1M MEE IS 4 U&LICH filter Al0|E 25 £& Hole S22
o
= RX
[

= o A
MEELICH QubitSet CHE I E&= RX (/2) 2 001 CHEF 2E IHE Z & et F MEE BHELICH

rx_calibrations = calibrations.filter(gates=[Rx(math.pi/2)])

A E AF23510] H|O|E|E HO|Eo| HMAETFL|CH. 153
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g@_calibrations = calibrations.filter(qubits=QubitSet([@])

O|M ALERE X|IH 27 MEE ¢dZ45t0q LYOIE[E H0|EL| A& MSst7HLE +=He & A&LICE of

=
E 504, Ct3 32 E DEfs EAAR.

1
~

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

a
o
+
S
R4l
il

PulseSequenceZiX| At E gate_definitions 7|9E Ql0i
5t04 H|O|E 20| CHEF M8 X XIH rx HOIE EHE ArE5t0] Al™E = U&LICH
pulse_sequencesGateCalibrationsZiA|o| 4802 AT BHE = U&LICH XIHEX|

DE HOIEE EXt =M S2Re HA EHo = CHAELICH

5
rlo

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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Amazon Braket 5IO|EE2|E R E AFE X} 710|E

Ol 4440l M= Amazon Braketoll M 3012 BI= 5 QI8 MASHT BHElshs Widof CHEt X|&IS MB 2t
L|CH.

Ct2 2 AL&5t0q Braketol| A 5t0[E 2| = 2 dol| HMAE = U&LICH

« ofOotE =2} 1ol SDK.
« OlOIE Eel2l 24

« { Amazon API E2}31.

O| M.

» SlO|EE|= JobO|BF FSiIL|7}?
» Amazon Braket 3t0|EHE|=

- EH FCE S0[EEE HUSE A™ASIAAL.

§
|r|
2
2
jo
>
oo
ol
2
g'l_l
o
i
]
N
2
104
fjo
>
0%
Q'I_l
>
>
to

* Amazon Braket 5

« X i 5tO|HE|= Job

- 23 EY BEH S 20 B

- Y FJn ME

« MIZQIEE AL85t04 3t0|HE|E A AS XME st ChAl AIERILIC

- YEE ATEIES BES HolstMe

« StO|HutEOE ALE

- YNEELAIRIES AYHTS SH0|EEE MY QAARAS FHFHUAL

- StO|EEIE MY F|4

- GEtHES At S ALE5104 5t0|E 2= Mol K& F Lt

« OfOHE PennylLane E2tZ1} 37H A E

* Amazon Braket 8tO0|E2|E S A&t QAOA Pennylane ST 2|5 S MG MAIL.
- O AHIC|=E AIZHI0|E{Z 3I0|EE|E HIEEE 71556 M AL, PennyLane
- ZH ZEZ 5l0[EE|E A S HES D CIHISAMR.

« At Z4E|0]L4 7} X2 7| (BYOCQ)

« 0lM 718 HAE 75t 4AIL. AwsSession

- E M8stoistolEElE MU XM 45 HEY &+ USLICH API
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https://github.com/aws/amazon-braket-sdk-python
https://console.aws.amazon.com/braket/home

Amazon Braket TR 7H0|E

5tO|E 2| E JobO|2t FIlL|7}?

R X2l Xl (QPU) 7t 25 E L8 50|22 =
LA™ S E|ES AYE £+ e WHE MSELICEH Hybrid JobsE S E Eei4] 2|l AAE 7HS
2| E:

o o = |-
ot %U_Elé% A5, 2t F QABAS ZE|ASIES AR EE ALEE BFEE HIES

Hybrid JobsE 7|1Z ElAA% YA} ElAAE BT ZEsHE &7 ol
e o e[E S MESHH Braket2 &% 7158 ZE|O|L{A B EoMH g
O| 2t2 ™ ZnE ZHMFFLICEH

EEt Sto|EEIE E oM Mg E R 22 CHe QPUO CHE M &207 =2 ti7|¥E S8l Ol
Mg de £ LIt oA SHH XX 2Fd0| CH7[Hofl Q= CHE ZrECE HA #M2|TlT A
= U&ELICH Ol= O At 2fdo| Aol whet £&5 2rdo| Eetx|= gHEx sto|Ee|= g nE[&Fo
S5l st o|gf8t dTE|EQ| dE= R ZAF £|X{5t AT E|E (QAOCA), BH0| FRF TR 54
7| E= YA 7|7 80| &L EF T E[E T 42 ol AAZHe R ZFLEJ 0] HIE,
of ot EE= st £ AOILE Z|CHE T 22 AL Rt XY HEERIE FXE = &L

Amazon Braket 5l0|HE|E REE AI8 5t BF

Amazon Braket Hybrid JobsE& At&35tH 7|E HFE 2lLA FA HAFE ClHIO|AE AR5t 2
s LR A|ARS| d58 %|M3t 6t JHH 2
(QAOA) It Z2 slo|EE|E EA-n ™ dn2|ES AdE = U&LICE Amazon Braket 50|
A OIS0 2 M 7HX| £ o|-™E MLt

1. 44'5: Amazon Braket Hybrid Jobs= A&l B30 M st0|E2EIE 1 E|ES A= JECHH Lt
2 8452 MSeLch 2ol ddElE ool MEE CHY QPUO| Moz AMAE = &
LICH Zrdo| 2fdo| Fx[e| Ch7|dof /= CHE R T AEL|ct 1 A stolEE|= &
1 2|&0| HEFO| Wol x| ol & 7hs 3 &ILICH Amazon Braket StO|EE|E ZA = k2t
oAU X[EELICH F 2 D20/ E AH85t0{ 22 & XE6tH BraketO| 3|2 & 3 1 At Ast=
2 ool 3Lt 3|20 CHet mtet0|E UCIO|EE 2IsH CHA| Aot Ue E2 gl0| 3|25 & H &
ndstaz HEFJ 0| BN Wt EL(CH

2. T™2|4d: Amazon Braket Hybrid Jobs= Zf & 32| 4 Il #2|E Hedlstn stolEZ|E ¢
2|E0| M™M= S AHS AMEEF L E M3stn A LR FxI

Ct.
(FRtME| F X E= AED0|E) & ME{St7|2 ot B ELICH Amazon Braket2 CH CIHHO|AE
|

AEE £ US W] ZICHRICHI 7|1E EIAAE 7tSstn A FHE HE| 0| Bt EoM 32
EE A3l Amazon Simple Storage Service (Amazon S3) ofl 2t E Htetst T AFE E|AAE
22[A L
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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/VQE_Chemistry/VQE_chemistry_braket.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_quantum_algorithms/VQE_Chemistry/VQE_chemistry_braket.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb

Amazon Braket TR 7H0|E

3. X|E: Amazon Braket Hybrid Jobs= & ¢! ¢ 1 2|&0 on-the-fly CHEF SE 22 XS5t AL
A X|HE 7tsdt 41 2lE X EE CloudWatch AmazonIt Amazon Braket 2£01 72| AA|Zto 2

MBstoz ¢nalE T 48 e MY £ AaLt

>

2 IACE 50|22 E EUo 2 AlSHSHAIAIL.

Amazon Braket Hybrid Jobs= Amazon EC2 A & E|A~AE Amazon Braket QPU (¥ At XM 2| & Xl)
OH M| A 2F 7"°*0F04 sto|EE|E FA-1d dng|Fe| 2 #EldE 27AAER 0lME MSELICEH St
O|EHZ|E Zdof| M MAI=El QFX} 2 Qi 7lEd X} 2UELCH M =27 =of LA & CH7|Y€e| s

i B — | —
oz Qlaf & _._E|’<o| CHEX| ef&LICH ZF QPUE E 2| 5l0|EE|= 2 CH7|EE RXISIEE §

2ol stLtel sto|E 2= R Eh Aldle +~ d&LIch

O AlM:

+ 27 Python ZE0{A 510|22|= Q] M4

« &7} Python {7|X| & &4 I E MX|

- StO|EHE|E % QIABAR HO|EE MEStT EEFLICH
A

- St0|EE|E & C|ZH0|EHE {8t HAE ZEHE|

2 Python ZE0i|M st0[EE[E 2] A4
2 Z Python ZE& Amazon Braket 5t0|EZ|=E Job2 2 AT £ U&LICt CHF 2= ofA|et 20|
ehybrid_job HIZEIO|HE ZE0| FME EH 0| 2Ug +AE = JUELICH AISA XY &ZE 9
A< Amazon Elastic Z1El|0|L4 B X|AEE| (ECR) O AFE Xl X% ZHElO|LHE AtE SIS MEAE 5= Q)
&LCt.

® Note

7|2% S & Python 3.108F X[ ELICH

ehybrid_jobC| ZH|OIEE AtS5tod B0l A & %= YU&LICH Braket2 CIZ20IH LTS 3
E E Braket 5t0|EHE|E &Y g1 2|& AFEE ghich a3 b8 §to|E2|E 22 Amazon
EC2 QIAEHAO| Of| ZBO|E] LHoIA & & S EFLICt Braket &2 job.state() AFS3SHAHLE
Braket Z2& 2 AI835t0{ 2] ZI™W 4 &2 ZLIHEE £ JU&Lct Chg ZE o= oflAf CH4d 7HX]
HEfO| A|HAE A™Ast= WS E0{ELICt State Vector Simulator (SV1) device
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from braket.aws import AwsDevice

from braket.circuits import Circuit, FreeParameter, Observable
from braket.devices import Devices

from braket.jobs.hybrid_job import hybrid_job

from braket.jobs.metrics import log_metric

device_arn = Devices.Amazon.SV1
@hybrid_job(device=device_arn) # choose priority device
def run_hybrid_job(num_tasks=1):
device = AwsDevice(device_arn) # declare AwsDevice within the hybrid job
# create a parametric circuit
circ = Circuit()
circ.rx(@, FreeParameter("theta"))
circ.cnot(@, 1)
circ.expectation(observable=0Observable.X(), target=0)
theta = 0.0 # initial parameter
for i in range(num_tasks):
task = device.run(circ, shots=100, inputs={"theta": theta}) # input parameters
exp_val = task.result().values[0]
theta += exp_val # modify the parameter (possibly gradient descent)

log_metric(metric_name="exp_val", value=exp_val, iteration_number=i)

return {"final_theta": theta, "final_exp_val": exp_val}

Ut Q1 Python & +XH &8 £E510{ 6t0|E 2= 2 S LIt stHX|EH dZa0lH &
= g2l Zut7t ot St0|EE|E 2 HES HHEHEILICH 2t & ZAE HAMSIE{H E ALSSHA A
2job.result().

job = run_hybrid_job(num_tasks=1)
result = job.result()

@hybrid_jobHIZ&|0|E{e] 7|7| Ql4& sl0|EE|= SR AMAE = UE 717 (0l F
?0i= SV1 A|IZBI0|E) E XI™ELICH QPU M= E doi{H &= LHo| M At E 7|7] ARNO|

27 Python ZE0{|M st0|EE|= Zf A

0?..
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22 0lEof XIHE 40t Lx|5t=X| & elsoF FLICH TOolE 2|5l helper B =& A& 304 01| Af M
18t 717] get_job_device_arn() ARNS ZXE 4 U&LICt @hybrid_job

(@ Note
Amazon EC20{ ZIE|O|L{ 4] BB S YHstE = Zf 5t0[HE[= %0 I A2 22 1E2Y
LICH mhEfM B 2|20t 3|2 HiX[2H 20| O B2 I 2E9| 32 A &S MEste
Nez SEE = UGLICH

ot O|Hm} 2k Ol E

O| run_hybrid_job() &< num_tasks Q=& 2o} MHE|l= SR 2ol =& Wo{FLICt. 3
OlEZ|=E &2 O|& 50|t ZtO|E{ 2 At&S ZAMELICH

(® Note
5tO|Hmt 2t O|E{= Braket 2401 250042 NMTHE|lE EXIYE E A= L|CH

ANEH=EZ

FH

run_hybrid_job() &= Liol= Et= g 12|52 HEZO| &7 log_metrics Z7ISELICH X|E=
Sto|EE|= =t B ot 2| Braket 2& H|O|X|0f| AiS2 =2 EZ/ELICH Braket H[& F£X7|£ &t0|

B2l Mg ddsiE SO HERS AEst0] A MU HISE 72| MA[Ztez FHE + Q&L
Ch 2l A= Aat RHF0IM X Hml HES 7|Sst= X|E 0|5 “HE'S ASELICH

A2 A

StO|EE|E Aol 22 El = ot0|E2|= X AW E HMSHE job.result() Ol AFSELICH B
H2I2 o] I E ZHX|= Braketo] 2|5 A5 o2 A ELICH &2, g_/,\_ ol A HFBHE|= ZHR|= EZ0
ofof 5tH Zt R A= 245} 7tsslof LICH olE S04, Ot I E= X E5H= oiA|Q Almt ofxE
HoiFELICH

ehybrid_job(device=Devices.Amazon.SV1)
def passing():
np_array = np.random.rand(5)
return np_array # serializable

@hybrid_job(device=Devices.Amazon.SV1l)

EZ Python ZE0I|M 3H0|EE|= Zfed M4 10
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def failing():
return MyObject() # not serializable

Job O||=|
ZIEMo =2 0| 5t0|EE|E & 49| O|F2 &= OIFUM FFELIC 2|CH 50X K| AL X H ol 0|F
g X|HE = QY&LICH & 04, CIS ZE0A 2 0|2 “my-job-name”ILICH

@hybrid_job(device=Devices.Amazon.SV1l, job_name="my-job-name")
def function():

pass
= e
2Z xtod2 oA B O|E{ol Q12 local=True F7}5tod MA=ILIC O] stHBED L2 2
4 HFE 49| A 0|3 El B E0M stolE 2= 2rdo| A™MELICH 24 2dol= &R Zdof
PN v

= 71 k4
off HMAE & QJU&LICH S Z == C|HO|AE SV1 AIZC|0IEZ At 83t =24
S dygict

0
CHet M =2 ch7|do| Si&LICH O == == MPIQ Z 2 12 Alel|lel B¢ 24
P
.|

@hybrid_job(device=Devices.Amazon.SV1l, local=True)
def run_hybrid_job(num_tasks = 1):
return ...

CIE 2 E st0|EE|E &Y SMOo| X|HELICH M 552 braket.jobs.quantum_job_create ZE 2
ZSHAAIR

Z7} Python I 7|X| & AA FE MR

Jhu
U
m
°

2 EH 82 MER Holg &+ U&LICH

=8 £ = XAl ZE|0lLd 7HK 27| (BYOC) E AFSE =
5tod HELY Bt E 2 AEXt X|H5lE{H CHE T E oK E

M35t Python IF|X|E AISHE
requirements.txtIt mF|X| O
LICt requirements.txtmAUS A
SHAAI2.

oo O

@hybrid_job(device=Devices.Amazon.SV1l, dependencies="requirements.txt")
def run_hybrid_job(num_tasks = 1):
return ...

0E £04, requirements.txt TtLo|= MXIE CHE WZ[X|7F 2&E = U&LICH

=7} Python THZ|X| & A4 FE MR 160


https://amazon-braket-sdk-python.readthedocs.io/en/stable/_apidoc/braket.jobs.quantum_job_creation.html
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giskit
pennylane >= 0.31
mitiq == 0.29

= Ch3a Z 0| mi7|X| O|§ 2 Python SE2Z NS & =+ U&LICH

@hybrid_job(device=Devices.Amazon.SV1l, dependencies=["qgiskit", "pennylane>=0.31",
"mitig==0.29"])
def run_hybrid_job(num_tasks = 1):
return ...

I} AA FIESCI2 I oA 20| BE S22 &

rr

B ZEZ X|YE + A&LICH

i

@hybrid_job(device=Devices.Amazon.SV1l, include_modules=["my_modulel", "my_module2"])
def run_hybrid_job(num_tasks = 1):
return ...

stO|EHZ|E & QIAEA R H|0O|E{E XEstD 2E=8FL|C}.
ol24 12 of|o|Ef x|

Ilf Amazon Simple Storage Service (Amazon S3) HZ!2 X|%5to{ 124
A}UeLtt 24 FEE X|HEg =& JU&Lch J2{H BraketO| Amazon
2 gLICH s3://<default_bucket_name>/jobs/<job_name>/
<timestamp>/data/<channel_name> 2Z A2 E X|™st= 42 #M'd 0|2 7|22 “input’d
LICH Ct& ZE= 22 B29 numpy IHY S E0{ELICH data/file.npy

@hybrid_job(device=Devices.Amazon.SV1l, input_data="data/file.npy")
def run_hybrid_job(num_tasks = 1):

data = np.load("data/file.npy")

return ...

S39| AR get_input_data_dir() =<0 &+E Ar&3sH{oF &L|Ct.

s3_path = "s3://amazon-braket-us-west-1-961591465522/job-data/file.npy"

@hybrid_job(device=None, input_data=s3_path)
def job_s3_input():
np.load(get_input_data_dir() + "/file.npy")

5t0|E2|E & QIAEAZ H|0|E{E XZEstn 2= 8L|Ct 161
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@hybrid_job(device=None, input_data={"channel": s3_path})
def job_s3_input_channel():
np.load(get_input_data_dir("channel") + "/file.npy")

A gt AT S3URI EEE 24 A= & MSshod 042 U= O|o|E A4 & X|HE & JU&LICH

input_data = {
"input": "data/file.npy",
"input_2": "s3://my-bucket/data.json"

@hybrid_job(device=None, input_data=input_data)

def multiple_input_job():
np.load(get_input_data_dir("input") + "/file.npy")
np.load(get_input_data_dir("input_2") + "/data.json")

(® Note

2123 o|o|E{7} 3™ (>1GB) 20| W77 X| CHZ| Alztol 224 AEILICH ol 24 &l
CIO|E{E S3 HZ!o| MS YEE3H £ S3 Z27F 2] 3o F7HE|7| EQLct orx|2e
2 X4 @%30| Braket AMH|A0| A& EL|C}.

S30i Zxt MF

HZB0|EE &2| return 20| Z & E|X| I2 AE XY ste{H ZE T M 7| 2edof SHHE C
HEZ|E F7tsioF gL CHE olAMlE numpy BT matplotlib 122

@hybrid_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 ...

stolEE|E E] QIAEAR H|O|E{E XEstD 2=gFLCt. 162
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2E A= 2l ol o o2 & FEILICH model.tar.gz Python & +& job.result() At 3t
7L} Braket 2| 2£9| 5t0|E2|E & H| 0| k|0l 2 EE 2 0|55t0{ ZUE Ct22CEE £ @)

&Lt

Ct. LH&AEl save Job checkp01nt() I:II ,%:.F 5|
&LICH AMZN_BRAKET_JOB_RESULTS_DIR L} & &= & &0 &7 AFSE = U&L
get_job_results_dir()

CHS2 stolEEIE XY HZ20|EE AL8Stod M2 XRIEE Mot ZEdt= ZHEHEF 2 o &

LICH.

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": 1})

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()

5 | 3H0|EHE|E YoM E save_job_checkpoint() XME 4= OIOIE{7} E0{ YE AFH
2 M835t0{ E S EEILICE 7|BMo R ZE 2 HIAE R X5t 4= Qlo{of & LIk numpy HH
gt 2 o SE S Python ZHAM|E M3 2 QIRIGHY| @5 e = U&LICH data_format =

PersistedJobDataFormat.PICKLED_V4 O| ZE £ 3t0|EHE|E 2] O}E|HE 9| “checkpoints”Cl
£ 512l £ ofzlol U= 7|2 O|EE <jobname>.json 7tE MIAEQIE S BHE T Ho{#L
Ct.

MIAEZREM AL M 5tolEE|E &S MdstE{™ o™ 2149| 5t0|EHE|E ] job_arn
ARNO| copy_checkpoints_from_job=job_arn O{C|0{l J=X| ME o grL|ct O3 ChS #3
ZQIE0|M load_job_checkpoint(job_name) 2EE3t= Ol AFSELICEH
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https://github.com/amazon-braket/amazon-braket-examples
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https://github.com/aws/amazon-braket-sdk-python
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Amazon Braket X Amazon Braket » Permissions and settings

Dashboard Permissions and settings for Amazon Braket

Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraket]obsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [A. You can verify that you have existing

roles with this policy attached.

Algorithm Llibrary
Service-linked role

Announcements o
Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [

Permissions and settings

‘ @ Service-linked role found: AWSServiceRoleForAmazonBraket [

Verify existing roles l

The AmazonBraketlobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have

Hybrid jobs execution role

existing roles with this policy attached.

SO[HBIE RHQlg AISE £ ole SEE HES 77 0| x| HQUSEH 7|E AT 2ol uE
BIAIR|7} LFEFELICH 4% O|S T I8 ARNS 2 2{H
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Amazon Braket

Dashboard
Devices

Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

stolEE|E
HAIX|7F E

Xtod

Al

=

=]
=

T o

Al
=

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
sHSF A [ — stS S — O = st xkFoe A L—
e = s SEE HEE 71Tl ol gl ER oY ¥g2 ¥ E + Qitls
~ = = = [ =L O = — E o =
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Devices

Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library
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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 [£. 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 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.]

0| d3Xez WM o|§ &lete MAIX|7F LIEHE LICH.

Amazon Braket » Permissions and settings

Permissions and settings for Amazon Braket

General Execution roles

The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have existing
roles with this policy attached.

Service-linked role

‘Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [4

@ Service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role

The AmazonBraketobsExecutionPolicy [4] provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

‘ @Il:reateﬂ AmazonBraketJobsExecutionRole [ successfully. ]

N 2 HMALTH HFRELICEH o] B2 LIF AWS ZE|RtoH £ 2l5tA 2.
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Amazon Braket Permissions

Permissions management for Amazon Braket

When you create a resource, such as an Amazon Braket notebook or job, you have the ability to specify the actions this resource can perform on your behalf

by attaching an execution policy to an IAM Role [4. You can create default roles for different Amazon Braket resources here. To build custom Roles for
advanced use cases visit IAM [A.

Jobs

Amazon Braket jobs [/ require the roles with managed policy AmazonBraketJobsExecutionPolicy [4 attached, which provides minimally required
permissions to an Amazon Braket job.

é AccessDenied

User: arn:aws:sts::012345678912:assumed-role/SampleRoleName/username is not authorized to perform: iam:ListAttachedRolePolicies
on resource: role AmazonBraketJobsExecutionRole with an explicit deny
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bell=Circuit().h{®).cnot(@, 1)

job = AwsQuantumlob.create( task=device.run(bell, shots=188
device=device_arn,
source_module=...

Create job ::> e g Quantum Task
Track status Entry pml:-.t and
Analyze results ‘:::::}::::::::] other code

User

Braket notebook / Console,
or local IDE

Quantum device

X, 57tX| H SEHE HY
Lbel=J=|u}

I sie &Y 20 g E¥ots dnEl& 238 EQ| O 7|8 oE 4

ol

import os

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

def start_here():
print("Test job started!")

# Use the device declared in the job script
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

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

for count in range(5):
task = device.run(bell, shots=100)
print(task.result().measurement_counts)

print("Test job completed!")

Braket tES = 2Z 2439 #XH 2t C|H E 2|0 algorithm_script.py 2= O|E2 2 O] IS X
ZH5H A A2, algorithm_script.py I 0| A|Zt start_here() XM Z HEL|of U&LICH
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2|& X2lgfLICt. Ol AT EIEE= %[4AFSt0[HE|E 5 AT REQ 7|2 FXIE

® Note
Braket tE=Sg2 MYt T ESH S C|=E 2|0 algorithm_script.py Tt ZH2 1t
US U= Eot= LiHof CHE XEAMIEH LIS 2 Amazon Braket Python SDKE A& 3504 & Hmy
3|2 AE XA

of 7|2l X Hm Alio M= AIZE[0|HE CHE 22 F LTt AlZ2[0lE EE X AR A
2l x| (QPU) & o REE Y22 st E, e 23 B-E M X|Hsts EX[= sto|EE|E
e oefots Ol ASEIH ZuEE AT BENM B E B2 ASE £ UGLITH device
AMZN_BRAKET_DEVICE_ARN

(® Note

sto|EE|= 7“°"01|A—| ArEE £ Ue HRITHALEE = U&LICH AWS 2| Amazon Braket
A

S 2|™0|E S0 us-east-12| 5} 0|EHE|E &L,
SV1DM1, TN1 E‘—J QKl% lonQ AFE & = UX|TF & x|= AFSE = I&LICH Rigett

HA EH

A|E8|0|E] CHAl LKt HE
E 3tolE2|= &S ol

from braket.aws import AwsQuantumJob
from braket.devices import Devices

job = AwsQuantumJob.create(
Devices.Amazon.SV1,
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
wait_until_complete=True

)
o| miztOlE = 2redo| A™ F01 AKX 2iedo| £242 CIMGIE S MF HE EA|2EE
wait_until_complete=True A ELIC}t CIS oiA|Q HIE 2290 EAIE ZdL|CH

job = AwsQuantumJob.create(

o

AH A AlSH
(=] =0

=
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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({'@@': 55, '11': 453})

Code Run Finished
2021-09-17 21:48:05,544 sagemaker-training-toolkit INFO Reporting training SUCCESS

(@ Note
El:é|- o|7-<| (E"‘ |:|E-IIEE| El:b _‘—1|.o E 5_ tar. gz u|.o|o| S3 URl) % -||:E+3|_o:|
AwsQuantumjob.create HIAME2L &7 AEX X|H 2EE AISE =& A&LICH &
K| od| A= Amazon Braket 0 Al Github 2|ZX|EZ2|2| 5l0|EE|E Z] EC]of UE
Parallelize_Training_for QML.iPynb I} 22 & X5t &A2.

DLH A

EE = AmazondA 21 E240] HAM|AE 4= CloudWatch QU&LICH O|FH A 3tE{H &2 ME HE
Ho|X|Q| &% HFol Qs 21 18 Ho 2 0|535t04 21 1E 8 aws/braket/jobs MEHE C}
2 &Y o|F0| & El 210 AERE MEHFLICE 2| oAM= ChEot Z &L Ctbraket-job-
default-1631915042705/algo-1-1631915190.
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https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.aws.aws_quantum_job.html#braket.aws.aws_quantum_job.AwsQuantumJob.create
https://github.com/amazon-braket/amazon-braket-examples/tree/main
https://github.com/amazon-braket/amazon-braket-examples/tree/main
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
https://github.com/amazon-braket/amazon-braket-examples/tree/main
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JHEER} 70| =

CloudWatch X l CloudWatch > Loggroups » /aws/braket/jobs > JobTest-autograd-1636588595/algo-1-1636588740
Favorites >
Loglavents . . . View as text
Dashboards 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 [
» Alarms Ao @o Oo Q Clear 1m  30m 1h  12h  Custom ©
¥ Logs
> Timestamp Message
Logs Insights There are older events to load. Load more.
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eeed53328733f34779fa6/test/unit_tests/braket/circuits/test_gates.py
¥ Metrics > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_instruction.py
All mets > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779fa6/test/unit_tests/braket/circuits/test_moments.py
metrics
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779Fa6/ test /unit_tests/braket/circuits/test_noise.py
Explorer
P > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee053328733F34779f a6/ test /unit_tests/braket/circuits/test_noise_helpers.py
Streams > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket - sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/ test /unit_tests/braket/circuits/test_noises.py
» X-Rayt » 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_observable.py
-Ray traces
» 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_observables.py
» Events » 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_quantum_operator.py
. » 2021-11-10T17:01:01.993-07:00 brak dk-pythe ging-3f885a942c09911b104eeec053328733f34779fa6/test/unit_tests/braket/circuits/test_quantum_operator_helpers.py
» Application monitoring
PP 9 » 2021-11-10T17:01:01.993-07:00 brak dk-pythe ging-3f885a942c09911b104eee053328733F34779fa6/test/unit_tests/braket/circuits/test_qubit.py
» Insights » 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_qubit_set.py
Setti > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_result_type.py
ettings
14 2021-11-10T17:01:01.993-07:00 aws -amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779fa6/test/unit_tests/braket/circuits/test_result_types.py
Getting Started > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779fa6/ test /unit_tests/braket/devices/
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779F a6/ test /unit_tests/braket/devices/test_Local _simulator.py
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779Fa6/ test /unit_tests/braket/jobs/
» 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c@9911b104eee053328733f34779fa6/test/unit_tests/braket/jobs/local/
» 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c@9911b104eeed53328733f34779fa6/test/unit_tests/braket/jobs/local/test_local_job.p;
sto|E2|E =] H|0|X|E MEHS C}2 XS MEHSI0] 240l 5I0|EE|E &o| MEHE 2 =T
e I — | =2 = "1 | 202 - "1 —_= _— — 1 =d—1 O = = 1
Ol A | |.
AAEH L’ E .
Amazon Braket X Amazon Braket » Hybrid Jobs » braket-job-default-1693508892180
Dashboard braket-job-default-1693508892180
Devices
Notebooks Summary
Hybrid Jobs
Quantum 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 arn:aws:braket:us-west- Aug 31, 2023 19:08 (UTC)
Device 2:260818742045:job/braket-job-default- Started at
1693508892180
arn:aws:braket:::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:09 (UTC)
Execution role
Status reason Ended at
— arn:aws:iam::260818742045:role/service- Aug 31,2023 19:10 (UTC)
role/AmazonBraketJobsExecutionRole
Stopping conditions
Source code and instance configuration
Max runtime (seconds)
Entry point Instance type 432000
job_test_script:start_here ml.m5.large
5Ho|HE|E 2Fode AlSH =of Am S30{|AM UE olE|HES
o|'0|_E|_ NEs 28 80 azon 0 25 OtE|HE S

amazon-braket-<region>-<accountid> O|H Z&

jobs

h

=
[

dEeLICH 7[2 S3 HZ! 0|&2
<

jobname>/<timestamp> C|

= e by
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A& LICH Braket Python SDKZ 5t0|EE|=
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JHeER 7Hol=

olz24
=

U2 ClO|H: A2 ™ E = Ooo|e U2 2ot &7 X|H3stod stolE2|l= ¢

2|&0l &2 Hlo|EE M3 = U&LICt input_data AF& A= SDKQ| input_data

AwsQuantumJob.create &4 Ljof QI+=E Ho |§H—|EP O|Z A st™H 23 H|o|E{7} &4

"AMZN_BRAKET_INPUT_DIR" =2 X|HE ||| ZiE| 0|4 Y A|AH0| SAHELICE 502

2= dTE[E0M =2 CIo[HE Ar&st= Ydof Cigt 22 7tX| ol & 2248 Amazon Braket Hybrid
StAS IS

Jobs PennyLane 2! Amazon Braket Hybrid Jobs Jupyter ' E5 9| Quantum 7|7 &2 X & st=
QAOAE EZE3HAAIS.

(@ Note
22 Clo[E7I 2 8% (>1GB) 5t0|EE|= 20| MEE[Z|7H K| CHZ| Alzto| 22 ZZILICtH
Ol 24 ™ O|0|E{7t TX{ S3 HA | YEEE ¥ S3 B27} 5t0|EEIE &Y 2ol F7t

|1 olX|2te 2 510|EHE|E 2] 70| Braket MH|A0 MEE|Z| HELICH.

sto|muttOlE: ™E ot 28 oM AHEE &= Q&LICH hyperparameters
"AMZN_BRAKET_HP_FILE"

® Note
stolmjutatOlE X = H|o|HE BHE LS O| BEE SI0|EE|E MY AT RE MES=
abejof| CHet XEAIEH LA S stolmutatale] AL MM I o] github HOIXIE A Xt AAIL.

—_

MIAEZCIE: M 5tO0|EE|E job-arn HYHM A MIEQJIEE X|Hste{H BHE ALSELIC
z

copy_checkpoints_from_job O] ¥ |3
A o]

el
QIE C|o|E{E M stO|E 2= X ol SAtstod &

40| AlgiE|= AMZN_BRAKET_CHECKPOINT_DIR S¢t 274 47} x|t B2 A28 4= U

£ #LICk checkpoint_configs3Uri 7|&24f2 &LICt HNone, CHE t0|EE|E &40l M3 E
E H|0|EH= M 5t0|EE|E oM ArS E|X| et &LCt

J

SR EfAT: HE EHAT ZHIE S3 k[0l s3://amazon-braket-<region>-<accountID>/
jobs/<job-name>/tasks A& E/L|C}

N
=l

o

ol
—

Jobresults: d112|1& AJZIEJ A HE2 XMHE CHEZ|o| XHESt=E ZE LIE0| of| A K| &t

o
S3 Q|x|2 "AMZN_BRAKET_JOB_RESULTS_DIR" SAIE/L|Cloutput_data_config. Ol 22 X|H

4

olz4
=
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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
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
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StX| fom 7|2gf2 Lt s3'//amazon-braket-<region>-<accountID>/jobs/<job-
name>/<t1mestamp>/data tTE|E A3 EEM ZEE M A ZElZE A0t E HWaE|stH ME st
£ O A88 £ Q= SDK &1 &+ Z save_job_resultX3&LICH.

-

MIAEZQIE: MIAEXQEE AE5tde B &4 Ha2 X|HE CI™EEZ M3 EQE
£ Ql&L|Ct "AMZN_BRAKET_CHECKPOINT_DIR" SDK FH ETE M ASE =&
save_job_checkpoint

£ XM¥E
o
AL

A& LICE.

o2& K| E: 5t0|EHEIE 0| AME|= SO CloudWatch Amazon2 2 M4 E| T Amazon Braket
2E0]| AAZteE EAE = Ld2E 238 EC URE g12|&E XEE Holg = &LcH &1
2|& K| EE A5t 2 o] CHet 0= Amazon Braket 5t0|EH 2| = 212 AF235101 QAOA €11 2|E
Aletis 2RSHAAIL.

= A

24E He

AmazonBraket2 ZiE|O|L4 i34 L &40 o| ¥ 5 XS Creslsles EH 71X 84 He-E X2 &L
Ct. CH2 Z == BraketO| AI&35t= 843 H-E LIAELIC

# 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 CreatelJob request’s OutputDataConfig
os.environ["AMZN_BRAKET_OUT_S3_BUCKET"]

# the entry point as specified in the CreateJlob 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"]

o
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# 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"]

# 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"]

2 g4

AmazonBraket2 71E|O|L] /2 &l £24nlo| &5 A& Hestste 03] =0 F+E MB

Olg4et =< 0| &= Hybrid Job2 M&et= Ol ALl Y 1EI&E AR E WM SEELICH CF
2 M= AL Y S 2oiFELICH

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

AT E|E AJEENA MAME ADLE X{E5t0d 5to|EHE|E & AJBIEQ|F N
Amazon S32| £33 £ (model.tar.gz ZF= tar-zip THY) (I AL E = U E & 4 U&LCH

£ 2 JavaScript ZiA| 7| (JSON) EAIS AHE6toq mhofl X{Z 8ok & LICH numpy HIE 2| B2
MHOOIEHE HMAER &7 2Zs e & gl B2 LZE Clo|E EAlg AH85to{ 2HEstsis SM

]
2 MEE = JUaucth XAMIEH LIE 2 braket.jobs.data_persistence TE2 HEASHAAIL.

L

StolEE|E =

.,_
o
L

lo
N
AL

A& X stodH #ADD =MO| HEI Chg E2 L 1E|& 23 BIEN FIHELICH

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.jobs import save_job_result #ADD

def start_here():

g
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https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.jobs.data_persistence.html#braket.jobs.data_persistence.save_job_result
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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

fjo

37 Ch= #ADD print(job.result())FAMO| &2l &2 F7I5t04 Y AT EEO| 2] AW E

o
=
EAE = A&LICH

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

O| Mol E REM|ISH HE £292 wait_until_complete=True HAN|St=E MH&LICH CIH
22 Rlah ChA| F7te =+ ‘&'%I—IEP. O sto|HE|E &g AdstH 5t0|EZ|= 20| 22 E K|
10Z0tCtH SO|EZ|= & | FEHQl AR} 7L £29Z| 1T job-arnCOMPLETED, Olo{AM !l 3|2 0| ZA1}
7} EAIELICE O o € 2R 5HMIL.

arn:aws:braket:us-west-2:111122223333:job/braket-job-default-1234567890123
INITIALIZED
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RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
COMPLETED
{'measurement_counts': [{'11': 53, '00': 47},..., {'00': 51, '11': 49}]1}

HMIEQIEE AFR5l0d 5to|EE|E RrelS K{AHSt T CHA| A|&FsFL
Ct.

HMIAEZQIEE AI235t0q 510|EE|= o] F7H HtE g X&HE £
(o]

| [ | =
32 E oMol M #ADD FMOo| HEICHS & F7I5t0od X3 =22l

from braket.aws import AwsDevice

from braket.circuits import Circuit

from braket.jobs import save_job_checkpoint #ADD
import os

def start_here():

device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

#ADD the following code
job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
save_job_checkpoint(
checkpoint_data={"data": f"data for checkpoint from {job_name}"},
checkpoint_file_suffix="checkpoint-1",
) #End of ADD

bell = Circuit().h(@).cnot(@, 1)
for count in range(5):

HMIEQIEE ALE5t0{ 10|12 E[= HUS M st CHA| AR EFLICH 180
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task = device.run(bell, shots=100)
print(task.result().measurement_counts)

print("Test hybrid job completed!!!!I!")
StO|EZ|E Bdg A™SHH &I EXQIE CIME|Z|9| <jobname>3t0|E2|E %] otE|HE| 7|8 &4
E2E& Ar&3t0q -checkpoint-1.json It 20| MElLICt. /opt/jobs/checkpoints O] 7|2 ZEE
Astx| ot 8 Slo|EE|E Y AR EE HALX| t&LCH
Ol 5to|EE|E A YoM HHE MIAEZREN M SIO|EEIE HUE EESEE B €d1ElE 23
ZETJ} AFELICH from braket.jobs import load_job_checkpoint €1 2|& AT EIE
ECL|lz EX2 S0 Z &Lt

checkpoint_1 = load_job_checkpoint(
"previous_job_name",
checkpoint_file_suffix="checkpoint-1",

Ol MIEQIEE EE%t ¥ REEE Z2HRE J|HoE EXE ASKE £+ U&LICH checkpoint-1

® Note
checkpoint_file_suffixe M2 ZQIEE Bt= [ 0|0 x|t MO|Aret Yx[aHofF & LICt.

LAAEYO|M AFEEE 0| 5t0|EHEIE Yol LHEE #ADD F410| &2l Zoi| x[Z=atof &L
Cljob-arn.
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

AmazonBraket2 ST E2|& AT ZEEEOR AHO|L{EHZ Ho|El M 7t x| &Z 2 x|&uct.

- 7|2 ZE|0|] (image_uriXI™HEIX| o2 AL 7122
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JHeER 7Hol=

- BIMEZ2Q HIMEZ I} ZEE 460l PennyLane

- 2 7} = Z4E| 0|4 PyTorch PennyLane

Ct2 Eoll= ZE|o|Let ZE|olLof =&t

ototE EetZl Zie| ol

+y PennyLane LiH]
TensorFlow

Base 292282985366.dkr.
ecr.us-east-1.amaz
onaws.com /amazon-
braket-tensor-flow-
jobs:latest

MEFEIEE o awscli

ol2{Z| - numpy
* pandas
* SCipy

ZF7t 2tol - ototE-EB|o|3-C|E

=2 I=NE=15 ([eo]] =}

- ototE-=a0]Z-H|L|
dlel-Ze{ael

. ofotE Eei3! A7of

. olotE-E2t3-sdk

. ofolxm| HA

. AtA

. HEEZE

- HESZ
- 2EHH

* PennyLane
s IZEHIT
* psi4

=l 2ol e{2|ol CHEr M5

PennylLane 2 PyTorch

292282985366.dkr.
ecr.us-west-2.amaz
onaws.com /amazon-b
raket-pytorch-jobs:latest

» awscli
* numpy

* pandas

* SCipy

. ofobE Ea0[2 CIE
E A|Z280[H

. OlOFE-E20|3-HL|
glel-Z2{ael

- ofotE EefZ! A 7ot

- otorE-EEt3-sdk

- ofolxm| <

- 72ta

- HEERE

- HER3
- 2FHty

* PennyLane
s IZREHE
* psi4

HIFLiet &Lt

| L2 2!

292282985366.dkr. ecr.us-
west-2.amazonaws.com /

amazon-braket-base-jobs:

=[S

ofOrE EEflo|a CIEE
NE=[9]=
ototE-=d 0|3 -HLg
el-Ze{z¢el

ototE HehZA! A 7|0t
otOtE-=2t3-sdk
awscli

boto3

otolxm| 744

OHEEZR ctol=EE12
HE9a

numpy

Eutd

pandas
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73 PennyLane LiH]| PennyLane 2 PyTorch o[ L] 2 2!
TensorFlow
* rsa * rsa * PennyLane
« PennyLane- EtO|E'Y  + PennyLane-ZIOIEd « ZZ2ZEHE
-GPU -GPU . ps|4
® %'al_'lE-l ® ﬁ'al_'lElz-ll e rsa
* ScCipy

AWS/amazon-braket-containers0l M L E AA Z4E{|0|L{ Ho|E &
2|0f| 7HE ME S ZE|IO|LHE MEISHAAIL. ZAE|0|L{= 3to|EEI=
LHOf| Q!o{oF & LICt SI0|EE|E Hde MEE M slolHElE =Y

Y2 e A A EQ9|create(..) EE0
Ct= Ml 7tX| @l & StLEE F716H04 ZdE|O|L O|O|XIE RI™™H&LICt. AmazonBraket ZiEo|{= @l
E{0]| A2 E|0] Qe a2 AlRf EE INES

= HEY HIS S KISstn HEFY Al ME4EE e ol &
d2 R = J&LICH CHS o= us-west-2 X[H 2 9{&F ZdL|ch

« 7|2 o|O|X| o]0l K| _uri="292282985366.dkr. ecr.us-west-2.amazonaws.com /amazon-braket-base-
jobs:1.0-cpu-py39-ubuntu22.04”

- BIMZZ < 0|0|X| O|O|X|_uri="292282985366.dkr. ecr.us-east-1.amazonaws.com /amazon-
braket-tensorflow-jobs:2.11.0-gpu-py39-cu112-ubuntu20.04”

« PyTorch O|0O|X| O|O|X|_uri="292282985366.dkr. ecr.us-west-2.amazonaws.com /amazon-braket-
pytorch-jobs:1.13.1-gpu-py39-cu117-ubuntu20.04”

image-uris=2Et3! SDKO| &8 AL835to{ AME T Q&LICH retrieve_image() Amazon
CHS ol dl= AWS 21 us-west-20{ M ZAM 5= dilE Eo{FLICt

=
=
- O

from braket.jobs.image_uris import retrieve_image, Framework

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

SEO0ILI A 27| S L1El&ol| E2F stolmuzt0/EHE Holg
2 ditMo=z de|Fo| CtYE EHE MofstE ol AEEH, €1
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https://github.com/aws/amazon-braket-containers
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cl&el 9452 2| Malst =& 2HE = U&LICH Braket 6t0|E2|= 2 40f| M StO|HIIZIOIEE A
SotcdH ot O|lHul2tOlE 2| Ol gt 2 MTIe 2 BAIMe = X[YsHor &fLICH B, Zf2 Extd o]
Ef & 0[o{oF &LICH %|Mo| gt MEE AME [ E|AESIE = FOIE-IM etOlE 2t XIS LICE ot
OIJHMPEHIIIHE A&ste A Hm B A= stolmtet0EHE SHMUElZ d- st Zolste Lot
Ol LHE2 Ct5 Z =0l &g &+ &LICH

o m

#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

[a

O oS MEYE D E|FHM AL E = JUTSF 2ol MSE 2= ALZol| HelEl sto|HutZtO]E
7+ o

import time
from braket.aws import AwsQuantumJob

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

job = AwsQuantumJob.create(
#Run this hybrid job on the SV1 simulator
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
#The directory or single file containing the code to run.
source_module="qcbm",
#The main script or function the job will run.
entry_point="qcbm.qcbm_job:main",
#Set the job_name
job_name=job_name,
#Set the hyperparameters
hyperparameters=hyperparams,
#Define the file that contains the input data
input_data="data.npy", # or input_data=s3_path
# wait_until_complete=False,
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)

(® Note

2121 G|O|Efoll CHaH RHAIS| OHEBAT U2 MMS ATSHANL.

J{H ChE 228 AE5t04 to|HIt2tO|EE st0|EEIE &Y A3 R Eo| Z=8fLICH

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
U CllO|E] & T x| arndt Z2 HEE st0|EE|E & AFREN MY st= 2ol CHet &t
Mgt LI 0| github HO|X|E & X FIAA|IR

sto|mut2tolE AMS WS = ol 0l |R&8F ZE 7tX| 7I0|== Amazon Braket Hybrid Jobs7t
Z&E PennyLaneQAOAS Amazon Braket Hybrid Jobs AFH&A12| Quantum 7|#H| &S M3 &LCH.

= = SH= = =
AdTEE ATJREES MMSIEE 510|22|E B QIARHAE M
St A2
gnplEo et 27 AHEO| CHE = JU&LICH 7|22 S 2 Amazon Braket2 ml.m5.1large QIAH
A0M EDE|E AIREE ARMELICEH 5HXIBHCHE 71 7| & 74 Q=8 A835t0o{ stolEE|=
g MMHE M Ol AARA RS AISK X|HE = U&LICH

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"), # Use NVIDIA Tesla
V100 instance with 4 GPUs.
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb

Amazon Braket TR 7H0|E

HC|= AIZ2E0|ME ™ 0|1 x| FH0MH 2H & XIE XIHE B InstanceCountE X|H3s
2 QLYE = U&LICH InstanceConfig &f

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3), #
Use 3 NVIDIA Tesla V100

),
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(® Note

stol= 2= aHdol 7| ZeiAl A

e
n
i

mo

HL

2 RIARA £ Ol HO|X|E HZESHAAIL.

3H

EE QAEHA vCPU H 2 2|
ml.m5.large (Z7|E2} 2 8GiB
ml.m5.xlarge 4 16GiB
ml.m5.2xlarge 8 32GiB
ml.m5.4xlarge 16 64GiB
ml.m5.12xlarge 48 192GiB
ml.m5.24xlarge 96 384 GiB
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
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JHeER 7Hol=

DS

b
[

ml.m4.xlarge
ml.m4.2xlarge
ml.m4 .4xlarge

ml.m4.10xlarge

El

74
=)

(=]

b

EERY

3

ml.c4.xlarge
ml.c4.2xlarge
ml.c4.4xlarge
ml.c4.8xlarge
ml.c5.xlarge
ml.c5.2xlarge
ml.c5.4xlarge
ml.c5.9xlarge
ml.c5.18xlarge
ml.cSn.xlarge
ml.cSn.2xlarge
ml.c5n.4xlarge
ml.c5n.9xlarge

ml.c5n.18 xlarge

ANE{A

e fE—

vCPU

16

40

vCPU

16

36

16

36

72

16

36

HZ22]
16GiB
32GiB
64GiB

256GiB

HZ 2|
7.5GiB
15GiB

30 7|7HHIE
192GiB
8GiB

16GiB
32GiB

72 7|7HH|E
144 7|7}HIO|E
10.5 GiB

21 GiB
427|7tHIO|E
96GiB

192GiB
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JHeER 7Hol=

AHZiolE|l= HFE elAE  vCPU

A
ml.p2.xlarge 4
ml.p2.8xlarge 32
ml.p2.16xlarge 64
ml.p3.2xlarge 8
ml.p3.8xlarge 32
ml.p3.16xlarge 64
ml.g4dn.xlarge 4
ml.g4dn.2xlarge 8
ml.g4dn.4xlarge 16
ml.g4dn.8xlarge 32
ml.g4dn.12xlarge 48
ml.g4dn.16xlarge 64
(® Note
us-west-10| M= p3 QIAEHAE ALSE = Q&L
IQE ZZH|IMIE & ol GR OE R[9S A

Zt QIAEIA L= 30GB2| 7|2 HI0|E| AEE|X| (SSD) FAE A

- —
Mo 2 AEZ|XKIE ZHE + instanceType U&LICH CHS 04|X1|E
dteHs Ho{FE LI

from braket.jobs.config import InstanceConfig

job = AwsQuantumJob.create(

= &

H 22|

61GiB
488GiB
732GiB
61GiB
244GiB
488GiB
16GiB
32GiB
64GiB
128GiB
192GiB

256GiB

F
& A

oM 2

Ch. 5t X|QF T2 AIEH 740} Zhe f
EZ|X|& 50GBZ =2l
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instance_config=InstanceConfig(
instanceType="ml.p3.8xlarge",
volumeSizeInGb=50,

),

)I

HIE{O|d A EHOAE SHOIZEIS B £IAsHoF & 4 QBLICH Z&0IM EE TS AB5H04 Of
stolg 2 £ s

220l 30IE2IE Hig FA 52 st0|=RIS T HolXlolM $2 StolHElE U M
B CHS T SEOH HiRolA 301221 el 48 Mg

Amazon Braket X Amazon Braket » Hybrid Jobs

Dashboard Hybrid Jobs (4) C Actions a Create hybrid job

Devices | :
View hybrid job
Q. Search ‘ e d
Notebooks Cancel hybrid job

Hybrid Jobs
y Hybrid job name Status Device Manage tags at
Quantum Tasks
O braket-job-default-169360387 1840 (®) CANCELLED arn:aws:braket:us-east-1:device/qpu/ionq/fAria-2 Sep 01, 2023 21:31 (UTC)
Algorithm library [«] braket-job-default-1693600353661 (@) QUEVED arn:aws:braket:us-east-1:device/qpu/iong/Aria-2 Sep 01, 2023 20:32 (UTC)
test-job-example (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Jun 02, 2022 22:26 (UTC)
Announcements °
Permissions and settings (@] Test-ashlhans (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 May 25, 2022 19:50 (UTC)

A8 OIS HAIKITH EAISIH Q2] Tsof £AS U3 OHS golg Meisc,
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o
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°
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Cancel Job "JobTest-autograd-1637034526"? X
A « Cancelling the specified job can't be undone.
+ Cancelling will terminate the container immediately and does a best effort to cancel all of the

related tasks that are in a non-terminal state.
¢ Tasks that have already completed will still be charged.

* You can create a new job using your checkpoint data, if you defined it, to rerun your experiments

To confirm cancellation, enter cancel in the text input field.

cancel

.

Braket Python SDK2| ZEE AtE35l04 5t0|EHE|E A4S job_arn FAStE{H OIS ZEQ Z0| E
At&3stoq stolEE|E 2 S AEE O ST 2ol it cancel BHEE EE&LICH

job = AwsQuantumJob(arn=job_arn)

job.cancel()
Ol cancel BH2 7|E §l0|EZ|E &Y ZiE|O[L{E FA| S=5t1 ot & H|E{D|'E &Efo U= 2t

LR A Y E 2F F|astT| ls 2ME CHEfLICH

Amazon Braket2 £ QPUMIAM mi2tHEZ HutedE x| HELICE 0|8 &3l 50 |EE|E
DE dr=of Cial SIZE § BB HupSHK| of 1 8 BB A l5toq A4 HIEO0| Bio| =
I.

Elot BRiE QUBIEE B 4 YALIh Ol 5101 2 BAolA S2 8 ChAl Ty B2t
glomz stolHals Aol HEtYg 2| MAE £ laLich XI#ElE QPU B stLtoll mhatnlEs
717 N¥EIE stol=E|E selol Be

El 3|2 & Braket Hybrid Job2 2 M|&E3t7|¢t 5t ELICH =
Braket2 22 & HII LY [ St=H 0] MS U HOlO|EE EE CIOIHE AHS2= AHE504 £
Zxlo| Z4Tt= B ASHC}.

o2tHEE 3|2 & PrEcd™ HA miet0[EE S e|lE 238 E o e = XSsHok gL of o
MolM= =52 metHER] 228 AF8stT Zf gH5 Ato|9| 7|E& ®Els FAIELCH LMol o3 2

DEtHER HoUE AL85to] 50|EE(E Aol S & Eluch 190
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=ol 27 B2 A8 YHTIOR MEHD 2 LHROIK O 48 OIS 23 B U
=
=

import os

from braket.aws import AwsDevice
from braket.circuits import Circuit, FreeParameter

def start_here():
print("Test job started.")

# Use the device declared in the job script
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

circuit = Circuit().rx(@, FreeParameter("theta"))
parameter_list = [0.1, 0.2, 0.3]

for parameter in parameter_list:
result = device.run(circuit, shots=1000, inputs={"theta": parameter})

print("Test job completed.")

CHS &Y A3 BIEQL 87M Hybrid Jobe = Alieh A TE|F A3 EEE MEY & &L/t TEtkH|

E& HotdE X[&st= QPUM A Hybrid JobS A™stE B2 32 ME AT B HutUE L

Ch Ot S Ao ME Ao dE 327 A EI2 2 F7F ZE & ¢10| Hybrid Jobl| HEHY 50| &
|.

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_arn,
source_module="algorithm_script.py"

® Note

It ER Hutede dAa g 22332 XMelst 2E =TT AH0|E 7|8 QPUM A Rigetti
Computing X|#ELIC}t Oxford Quantum Circuits

T E =uct 191
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OtOFE PennyLane EEt3Dt &7 AL

stolEE|lE & nE|&
7|= steglof (EC2 = 2
M ABELICH stol=als &9l 7158 ALgstod stol=als g7

M8t LHE 2 Amazon Braket 22 AIE35te AR E & XFAAIL.

rEI

AmazonBraket2 At&5t™ Braket PennyLane Z2{1 ¢! 2= Amazon Amazon Braket Python SDK
L ox LES 2|ZX|EEE AIE5t0od 5l0|EE|E SR YD E|ES HHstn Al = JU&LIC
Amazon SDKE 7|8t2 2 5= Braket (X —tES S AME5tH ZE2{1¢Q! g0l EH stolEE|E &g
&2 MA™stD AEE 4= QU&LICE PennylLane 3|2 H S8t ZEE PennylLane M3 322 ALS

=
20| E&LICH

4 AShod @ F 7t L AsH| 2ol 5
e ot AOIE 7+ % 7hE motct &0
OFEILICH ek M B AIZH MHEIE S EIES FHE0l ST o] AN QFI}Y

I

iz
0z
Mok
1
20
o>
C
o

Shor's (ZXF 214 £ olAl) LI Grover (Grover2| oiAl|) et Z2 &= ¥X dn2|EH= =M E=E =+
sHOF E4o| edfto| EIQEHLICE O|E{Et O|f 2 YitMo = 0| B2 &7t 72 YA (NISQ) HXIZtT
St= 7|1E SR Zxlols ASMO|X| 2 = U&LICH

2 S0, 5
5 7|Z ¢nalEel SH AN STE F0I7] Q8 RULICH 3|2 T Ao BN Totk 25 &
xlol 75 g e 4 98 HE 2 FoigLIt

obOtE EE3! & PennyLane

AmazonBraket2 ZAt Ol PennyLaneZ 212 7HHE SACE FHE QLE LA AZEQ0{ T
HUKIE X|HELICH o] ZHUXTE A5t LAl 318, 2R 7 =
of CHet £€FMHE & 7| Qo MEAYE ETIAF|= A L2 YA E XX 3| ZE EUHE = USL

CH.

PennyLane 2t0|22{Z|& PyTorch & TensorFlow £ H|Z 8 fl58t 7| &4 TFof cigt QlE{m| o]

AE KMIoto At ZZE W=D Moz FHY + ULSF FLICH

« PennyLane 2t0|E242| -- Amazon Braket = ES0i At PennyLane AX|E|0 Q& LICH ol
Amazon PennyLane Braket & X|0fl AA|ASIE{H T ESE A1 CHF B-EE A& 3104 PennyLane
EIO|EEEIE 7K AAI2.
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https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Quantum_Phase_Estimation
https://github.com/aws/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Grover
https://github.com/aws/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Grover
https://pennylane.ai
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import pennylane as qml

FECIY ES2 W27 AlEfet= ol =&0| ELUCh EE= #8tE IDEL| PennyLane Amazon Braket
oM AL E =& JU&LICh

« AmazonBraket PennyLane Z22{1Ql — X}l IDEE AF23t24H Amazon Braket PennylLane Z2{1
Clg #8522 MX|5tH ElLICH Z2{32 22 Amazon Braket Python PennyLane SDK2} @12 E|2 2
HEtZ PennyLane C|HFO|AO|A Amazon |2 & A& e = Q&LICH PennyLane E22{1212 MX|
StEH CHS BHE ASSHAA2.

pip install amazon-braket-pennylane-plugin
CtZ 0l Al= Amazon Braket & x|0i| CHEF HMAE MH5t= WHE E0{ELICH PennyLane

# to use SV1

import pennylane as gml

svl = gml.device("braket.aws.qubit", device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/svl", wires=2)

# to run a circuit:
@qml.qgnode(svl)
def circuit(x):
gml.RZ(x, wires=0)
gml.CNOT(wires=[0,1])
gml.RY(x, wires=1)
return gml.expval(gml.PauliZ(1))

result = circuit(@.543)

#To use the local sim:
local = gml.device("braket.local.qubit", wires=2)

Rt& M o x| & o|ofl CHEt PennyLane AtAIEH LHE 2 Amazon Braket OiA| 2|ZX|E2[& & ZSHA A
o

—_—.

AmazonBraket PennyLane £2{1212 ALE5IH 8t 22| I EE Amazon Braket QPU2F LHIC|E A
Z0|0|E{ C|HFO|A ZHod| PennyLane T&tE = U&SLICH &7H AL E = U= F 7H2] Amazon Braket
AX FXIE MBS ELICH PennyLane
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https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-examples/tree/main/examples/pennylane
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« braket.aws.qubitQPU ! A|Z2{|0|E{E Z & & Amazon Braket AMH|A Q| X} & x|t &7H A
Yot ol MErerc

« braket.local.qubitAmazonBraket SDK2| 2Z AIZH|O|EE AMlMs= B

AmazonBraket PennyLane £22{1Ql12 @& AARILICH PennyLane 21121 GitHub MEA0AM A

x|g = A&LICt.

0of| CHE PennyLane RFM|EH LI 2 PennylLane & AFO|E Q| MBME HZFHAAIL.

Amazon Braket 0|l = ES Q| 5t0|EE|E Y1 2[&

AmazonBraket2 ot0|EE|E T E|& WS ?IsH PennyLane E2241212 AHE5HX| &= CHEE of

M =E22 MBELICH QAOA (XX TAX| 2|8} 4T 2|F) E= VQE (HZ %X TR6HA7]) 9
&2 HY WHE MBES= Amazon Braket 5t0[E 2= X = ES & oFF HLE At& 3610 A|ZTE £

A& LICEH

AmazonE 2t of| x| = ES2 ototE =2t uoM SDKE M-EELICH SDKE Braket2 &3l XAt
AFE StESIo{ ClHIO|ARt &5 & EF = U= ZHYUHIE MIELICH Amazon 5H0[EZ|E 913
ZZ20| FAt EES X[ E MAHE 2E L4 BtolEE{2|LCH.

N —EEZ2 E35l Amazon Braket2 [ AHM|S| ATHE % Q&LICt

AEdI0IE{7} LHZE dto|E2 2= & T 2|F PennylLane

AmazonEEIZ! 5t0|HE|E &A= O|A| o TS CPU & GPU 7|dF &HIC|= A[Z2l|0|E{et &7 A
SELICH PennyLane 0| 2HC|E A|ZTO/E MEZ2 5l0|E2|E 2 ZiE|o|fof 2 LI E +
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https://github.com/aws/amazon-braket-pennylane-plugin-python
https://pennylane.ai
https://github.com/aws/amazon-braket-examples/tree/main/examples/hybrid_quantum_algorithms
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-examples
https://github.com/PennyLaneAI/pennylane-lightning
https://developer.nvidia.com/cuquantum-sdk
https://developer.nvidia.com/cuquantum-sdk
https://developer.nvidia.com/cuquantum-sdk
https://pennylane.readthedocs.io/en/stable/introduction/interfaces.html#simulation-based-differentiation
https://pennylane.readthedocs.io/en/stable/introduction/interfaces.html#simulation-based-differentiation
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import pennylane as gml
from braket.jobs import hybird_job
from braket.jobs.config import InstanceConfig

@hybrid_job(device="local:pennylane/lightning.gpu",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"))
def function(wires):
dev = gml.device("lightning.gpu", wires=wires)

Hybrid Jobs2t &7l PennyLane XH|IC|= A|ZE(0|E{ AtEE AlZfStE{H oxl| tES S T SHAA|
o

Amazon Braket A|E2|0|E{€ PennyLane AH&#t QIHEQIE JBIC|HE
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_— -
o

-

o

—_

r

!

-—

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
M= QACA SHUEHS| O &
L

rlIIo

oi2] 7ICHZf2 2
19| Ezx 0|8 7

ol

I X|=E H|4tst O|E AtE5t04 SHEE
ger PennyLane O IL|C}. 0| A PennyLane QAOAE ’é‘%%a* i SV

s= MEste{H IS Z 0| 538 QUHAE H|74sto] H|S SHEES R{FdsHoF Lt
cost_h, mixer_h = gml.gaoa.max_clique(g, constrained=False) cost_h =
gml.Hamiltonian(cost_h.coeffs, cost_h.ops)
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https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_jobs/4_Embedded_simulators_in_Braket_Hybrid_Jobs/Embedded_simulators_in_Braket_Hybrid_Jobs.ipynb
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Amazon Braket 5t O|EHEZ|E 2 Y E A& 5T QAOA PennylLane &

=00+ —_
O MMMz &8t LIES HIEH SR Ti2tHEZ HItYS PennylLane AF&310{ AlA| StO0|EE|E
T2 Y EZELICH d0ElE AT BEE AF86t0] AL 2AF £|X5 D E[E (QAOA) 2
ME siZAgtLICt o] ZZ2 342 AU Ol Max Cut =|X5t EAol siEslE HI &+E MHED, uial
O/EstE XX 2|28 XH5t, HIS &7t 2|ASE| =S ZHEEE ZAtst 2] WS AL&stod miet
O/ E =[xt g | Ct. O] oiXo M= EH=5tE flsl T 2|E AFEENM 22X 2= E HM5HK]
oF, 2t YEHAQI ALE AlE[o M= 23 CIO|E Mo M8 AAE Sl 24 ArYE XM 5t= X[O|
7t E&LCt %EHIL: parametrize_differentiable 7|BEXQOZE Z True MHE|EZ X|HE]
= QPUOIM mfEtHES] Hut S Sl 4 E HEIY M52 0|™E KIS 2 Ug = USLIC

import os
import json
import time

from braket.jobs import save_job_result
from braket.jobs.metrics import log_metric

import networkx as nx

import pennylane as gml

from pennylane import numpy as np
from matplotlib import pyplot as plt

def init_pl_device(device_arn, num_nodes, shots, max_parallel):

return gml.device(
"braket.aws.qubit",
device_arn=device_arn,
wires=num_nodes,
shots=shots,
# Set s3_destination_folder=None to output task results to a default folder
s3_destination_folder=None,
parallel=True,
max_parallel=max_parallel,
parametrize_differentiable=True, # This flag is True by default.

def start_here():
input_dir = os.environ["AMZN_BRAKET_INPUT_DIR"]
output_dir = os.environ["AMZN_BRAKET_JOB_RESULTS_DIR"]
job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
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checkpoint_dir = os.environ["AMZN_BRAKET_CHECKPOINT_DIR"]
hp_file = os.environ["AMZN_BRAKET_HP_FILE"]
device_arn = os.environ["AMZN_BRAKET_DEVICE_ARN"]

# Read the hyperparameters
with open(hp_file, "r") as f:
hyperparams = json.load(f)

p = int(hyperparams["p"])

seed = int(hyperparams["seed"])

max_parallel = int(hyperparams["max_parallel"])
num_iterations = int(hyperparams["num_iterations"])
stepsize = float(hyperparams["stepsize"])

shots = int(hyperparams['"shots"])

# Generate random graph

num_nodes = 6

num_edges = 8

graph_seed = 1967

g = nx.gnm_random_graph(num_nodes, num_edges, seed=graph_seed)

# Output figure to file

positions = nx.spring_layout(g, seed=seed)

nx.draw(g, with_labels=True, pos=positions, node_size=600)
plt.savefig(f"{output_dir}/graph.png")

# Set up the QAOA problem
cost_h, mixer_h = gml.gaoa.maxcut(g)

def gaoa_layer(gamma, alpha):
gml.qgaoa.cost_layer(gamma, cost_h)
gml.gaoa.mixer_layer(alpha, mixer_h)

def circuit(params, **kwargs):

for i in range(num_nodes):

gml.Hadamard(wires=1i)
gml.layer(qgaoa_layer, p, params[@], params[1])

dev = init_pl_device(device_arn, num_nodes, shots, max_parallel)
np.random.seed(seed)

cost_function = gml.ExpvalCost(circuit, cost_h, dev, optimize=True)
params = @0.01 * np.random.uniform(size=[2, p])
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optimizer = gml.GradientDescentOptimizer(stepsize=stepsize)
print("Optimization start")

for iteration in range(num_iterations):
t® = time.time()

# Evaluates the cost, then does a gradient step to new params
params, cost_before = optimizer.step_and_cost(cost_function, params)
# Convert cost_before to a float so it's easier to handle
cost_before = float(cost_before)

tl = time.time()

if iteration ==
print("Initial cost:", cost_before)
else:
print(f"Cost at step {iteration}:", cost_before)

# Log the current loss as a metric
log_metric(
metric_name="Cost",
value=cost_before,
iteration_number=iteration,

print(f"Completed iteration {iteration + 1}")
print(f"Time to complete iteration: {tl1 - t0@} seconds")

final_cost = float(cost_function(params))
log_metric(
metric_name="Cost",
value=final_cost,
iteration_number=num_iterations,

# We're done with the hybrid job, so save the result.
# This will be returned in job.result()
save_job_result({"params": params.numpy().tolist(), "cost": final_cost})
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® Note
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device_string = os.environ["AMZN_BRAKET_DEVICE_ARN"]
prefix, device_name = device_string.split("/")
device = gml.device(simulator_name, wires=n_wires)

ol Ho|X| M= 5 7H2| LHEEl PennyLane &fEH HIE{ A|Z&|0|E{ 1ightning.qubit (CPU 7[gt)
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https://developer.nvidia.com/cuquantum-sdk
https://docs.aws.amazon.com/braket/latest/developerguide/braket-jobs-script-environment.html?tag=local002-20
https://docs.aws.amazon.com/braket/latest/developerguide/braket-jobs-script-environment.html?tag=local002-20
https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs
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# 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"')

C
i

ﬂr

# 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
£ GPU 7|t QIAEAE AF2350d instance_config asE X|&H35tD £ HIC|= CPU 7|8t
AZ8[0|E (1ightning.qubit) device 2 ME{5H GPUE= AFSEIX| et &LICH GPUE CH
Ao 2 524 BtEA| LHEE GPU 7|8t A|ZHI0|E{E AF&SHAAIR!

X F 71| sto|EE|E Ay E Mdstn 1 RIE0[ 18742 Z2HZ ol QAOCAE AFE 5104 Max-Cut2
£ £ Ql&LICH ol 18FHIE 3|22 s EILICE 0| 3|2 & H|m X oM L EZ0|Lt QA EIA O] A

num_nodes = 18
num_edges = 24
seed = 1967

graph = nx.gnm_random_graph(num_nodes, num_edges, seed=seed)

# And similarly for the p3 job

m5_job = AwsQuantumJob.create(
device=device,
source_module="qaoa_source",
job_name="qgaoa-m5-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qgaoa_source.qgaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
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hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

QIAEIAO| TWF HhE A|ZF2 9F 25% QI HHH m5.2x1large QIAEA Ol AL oF 12F QLT
p3.2xlarge O| 18R H|IE {IEZ9| 5'—?— GPU QIAEAE £ E 2H &4 AIZILICH Amazon
Braket Hybrid Jobs 2 2 H|0|X|E 2 QIAEIAO| £&f H|E0] 0.00768 Z Q! HHH m5.2x1arge
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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.qgaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,
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https://archive.ics.uci.edu/ml/datasets/Connectionist+Bench+%28Sonar%2C+Mines+vs.+Rocks%29
https://github.com/aws/amazon-braket-examples
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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,

4 SageMaker 24 2H0|E 2|9 1 E|&E AT EENA H E0| 2=
g *"*;+04 &2 SHEH Hstsok gLIch MK 042 GPULE 042 QIAEIAC I EEE &
Mot O 2 E EHF"--E-Ql HHER Y E =35t smdistributed IHF|X|E 7HK4ZLICE. O]

o|Loll AP M EJo] Q&LICH PyTorch TensorFlow O] dist ZE2
(world_size) Ol P%%E & GPU =2 GPU local_rank Z0{e| 2 ¢ 2|& A7 E0] 2
ELICH rank ranke ZE QIAEHAN CHEF GPUS| ML QIHIA 0|1, local_rank & QUAEIA LY
GPUS| Ml QIHARILICE 0 & S04, ZHZ 8712 GPU7} EHE SR Y E QIAEHATI 474 U= 4

2 rank #H?[= 00{M 310|11 #?|= 00|A local_rank 777X|IL|C}.

29

-?- r-|0||

import smdistributed.dataparallel.torch.distributed as dist

dp_info = {
"world_size": dist.get_world_size(),
"rank": dist.get_rank(),
"local_rank": dist.get_local_rank(),

}
batch_size //= dp_info["world_size"] // 8
batch_size = max(batch_size, 1)

CI22 2, world_size rank % DistributedSampler Of 2} a% Xo|3t CF2 O|o|E{ 2Hof| ™
SHerLICH ol MERHE A5 GPUZI S Y8 CIOIEHME ZZHof| HMASHE A2 EXIE = U&L
Ct.

train_sampler = torch.utils.data.distributed.DistributedSampler(
train_dataset,
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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,

CIS o2 DistributedDataParallel ECiAE AI25104 C|O|E| HESE &38|},

from smdistributed.dataparallel.torch.parallel.distributed import
DistributedDataParallel as DDP

model = DressedQNN(gc_dev).to(device)

model DDP(model)
torch.cuda.set_device(dp_info["local_rank"])
model.cuda(dp_info["local_rank"])

¢ 82 HIo|E| HWESIE A85te ol 2R tHE A LICH QVLoME ZAntE MEstD &

T 42 2Mste{E 7t Bauch ZF GPUZE XME LU ClM BHES AdStH 2101 BH=E[=
HEIJb AU D 2o M2 AR A Euct Ol ¥X|5ted™ 09! GPUIMBH A& 5t QIAE &=
A& LICt rank

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 5t 0|2 E|E &A= SageMaker 24 O|0|E H&E 2to|E2{2|2| ml1.p3.16x1large 2!
ABA RFE X|HELICE 30|E22|= 29| InstanceConfig QI+E S35l QIAHA RS 714
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8 B0 QIAEA 3o Z "sagemaker_distributed_dataparallel_enabled" &3t M
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o= 8702| GPU7Zt //&LICH ml.p3.16xlarge A3t instanceCount=1 RQIAEAO| 871 GPU
o I 27 BLHEILICH 5 7 instanceCount OS2 MHSIH R E CIAEHANM AIE 7t
gt GPUOI| K227t 2AELICH 02 QIARAE M85t B ALS AlZhod| et 2F QIAE A0
Q0| RotEILICE 0| & E0{ QUAEA4IIE MEFt= B T EEE SAlol| A™AS= QUARHATL
4700|7| {20l HTF 7t5 Alzte QUATAT A~ AlZho| 48 LTt
instance_config = InstanceConfig(instanceType='ml.p3.16xlarge’,
instanceCount=1,
)
hyperparameters={"nwires": "10",
"ndata": "32",
}
job = AwsQuantumJob.create(
device="local:pennylane/lightning.gpu",
source_module="qgml_source",
entry_point="gml_source.train_dp",
hyperparameters=hyperparameters,
instance_config=instance_config,
distribution="data_parallel",
)
(® Note
2lo] 5t0|= Bl= AtQf MAOIME train_dp.py HIOIE HHEE AL 5H7| SI8t +ME g1
2|5 A= QLI ClolE| Halste 9f Mol mat Y1ElE ATRES SHE mer Mo
2 Sirte Mol Rolstle. gH2H +HE 2 12E A3 RE 9lo] ClolE HHs S
£ 2 8k5tel 510[2EIC Trelol M @RI HABILE 2 GPUTH SUB CIOIE £EHOIAE
HEN o2 X 2|stod iR & Lt
QlolM QI3 0T BE SHE s125t7| QUsH 26FHIE YA HRZ DUS AT oIHE S5
AL wq bl 2 HlmsH 27 &LICH Ol ml.p3.16x1arge oMol ALSE QlAE A0l 2T HE
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0.4692 USDRILICE. GIOJE| WSS ALS5HR| Hs Z2 AISHOIE7 2HS 1 O Z3 (5, 2087H O

4| CIOJE| ZOIS) SO SAAI7IE of of 458 0] L2I0d HIBE of 20S212ULIck DABA bl

QIAEIA 47H0f % HIOJE] WS E AFSSHH 242t 65, 15840l ZEIX| o, ol £ QAEA

2 o 2.8 USDOH SHZBLICE 474 QIAEIAOM CIOIE] EISHE AFSSHH AR AlZHo| 30uH B4
HH O

2 ®0FofL|et HIST H HiL HEE =+ J&LICH

EHDCE SI0/|HE|IE 2YE BES T CIHOSIMIR.

M stolEElE TE|ES WESE ZR ZEZ ZEE A8 H ¢ 12E A3 EEE C|HZS T H|
AEE £ Ql&LIct 24 EE= Amazon Braket Hybrid JobsO A At &5tEiE ZEE ’é‘?ﬁg = U
= ls EE=R: ) “é

XtQig Ast| QI8 QILBLE BraketollA B EIE
Tl E T oAIE HREY LS 7|2 2209
=
e

M= o4Ts| Al Exz St HHS 7‘._*—?'5-

Bl HYs ’é'%**L.Il:} 274z
ZeofA AlXI QPUE AR 310 Al
4

= =
==
o1, 2 Hmi stolEEIE 2 Mo M E Mlsiedm S 20| F0|'='E| HUATEIEE HE

StAAI2.

2

from braket.jobs.local import LocalQuantumJob

job = LocalQuantumlob.create(
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",

® Note
0| 7|58 Ar2 3524 Amazon Braket = E£0{ 0|0] AFM Ax|E|0{ 9= DockerE £2Z &4
ol Mx|5HoF &rLIC}. Docker Mx| X|EI2 047[0i| M EQIEF &~ &LICEH ESH 2 E O{7HEH 47}
EZ 2o M XIHElE R ot ELIC.

Xt ZE|o|L] 7FX{ 27| (BYOC)

Amazon Braket Hybrid Jobs= Ct& et 2t E0IMH I EE AAE = UZE AT FFE M 7H2f ZiH|O|
L& ANSgrLict ol248t Z4Elol & stLtat AFS Aﬁﬂ% X|dete 42 stolEHE|E 2 e MM

ZHPEZ F0|EE|E &g Yestn CIHIOSAML. 206


https://docs.docker.com/get-docker/
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M dTEE ATRED MB5tH EUCH F2HE ALLS SEH2 dDE|F AFEEL E AIE5tE
requirements.txt pip ItL|AM FItE = JU&LICEH

Olz{8t ZE|O|L] & A8 AtEE X|5t= ZHEIO|LA7t Qi7{LL SHE ZIE|O|LHE & tedie B
Braket Hybrid Jobs= A&l AF& X} K| Docker Z4Ei|0|L{ 0|O|X| EE= BYOC (Bring Your Own
Container) & At835104 5t0|E 2= &S MAE = UT T X[HELICE X2 242 M T{E 7|

X+
ol 0] 7150 MME ALS Abzilofl MgHEt 7|5 QK| Eels] B &L
A& ZE|O[LHE 7ML= WO| A SHIE ZE8LNL?

KtA| Z4E| 0|4 (BYOC) € Braket Hybrid JobsZ 7tA 20 XAl A Z EQ|0{E {7 |X| Bt F0i Ax|50]
KASHH AISE = JU&LICH EH F Argof 2t X BYOC Docker HE (Amazon ECR Y2 E)
- A8 X1 O|O|X| URI F7|18 HXIX| D SUE ROIMEES US £ U= YO U2 = USL

CH.

(® Note
SHHSE MEF £ U= £%52| F7} Python EH?IXI (detMoe 2 107 0|2 & FItsted=
8 BYOC7} SHIE MEi0| of'd = UELICE 0§ S04, & M EstE B2 PyPi

O] B2 A YUEFl Braket O|0|X| & 5tLIE AFS 8 CHE 21 ME Al &

requirements.txt ItUE EZAZA = UELICH IHUO| RIS E ¢45|1 pip XI™HE HTQ| 17|
X7t &Mooz MR[ELICH B2 o {7 |X|E Hx|stes B2 &Y HELJYO| 3H soid = UEL
Ct. Python & {9 st= B AAE5tEdE AMM 2 EE ZE|0[L12| CUDA HTE =150 AZ E 9|04

7l 2 SSt=X| HHAESIAA|L.

A CIEIE 2|0

BYOCE 2 A3 ZE0f mo[#H0] ol 2101 (04|: C++ EE= Rust) & AHE
o

5t 7{L} Braket2| AFM 2=
El ZE|0|LHE Sl AF8E = Q1= Python HTIE AFS35iEdE 0o EHe gL 2

LICH ChEF 22 320

« CIOIMA F|71 U= AZEQI0{E A5 U=l AZEQ0{E A&SE{H 2Ho[MA Mol CHEH
SHE 7|12 Q& aHof & LICH BYOCE AF25M Docker O|O|X|0f 2tO|MA 7|5 =& 3} olz AL
E xgs £ AdaLch

- SIHEIX| &

2 AZEQ0{E AI8St1 JU&LIct & % {, HMASE{P £ SSH 7|7+ EQ Bt A
M GitLab EEE GitHub ME AM AZEQ0{7} SARIELICH

l'l

+ BraketollM M2 st= ZEO|L{ol 7| X|EI%| &2 ChF @ AZESo] MBS MxlsH0k FLICH
BYOCE A8 8t?d AZE9)of Mx|2 I3t 5t0|= B|= &Hed ZAE|0[LA2] 21 AR} AlZHS Qi 4 &

&Lt
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CE5t BYOCE AME25H AZEQ0{2 Docker ZAE|O|LHE &5t A ZX7FAIRE £~ QIEE §to
EM IHO|UHEZHSDKEE LTEES MEE = UEE & = UELICH. Amazon ECRO|A 2 &t

=
—_
st MxI5t04 0| AF{S £sHs & M'QL—IEP.

RbA| Z4Ef| ol gred 2l Al

0| M M0f| M= Braket Hybrid Jobs0il bring your own container (BYOC) Z &t AF&Hol CHEt step-by-
step 7}0|E & MBS ELICH &, A8 X X|'H Docker O|O|X|& AlEtstn A™st7| @/5H 0|8 ZAftstes
AFRE, 0t U EHHE AFEELICH COhgat 22 F 7HK| kel ZLof CHEt SilAITIE MBS &L

Ct.

1. DockerO|O|X|0f F£7} A Z EQJ0{E MR|st T 2ol = Python 1 E|1&F £2F B ER AESHEAIR.

x
2. 310|ZEIS Aol PythonO| ObLl 1042 AT P1E|F AARE Ei x86 0/219] CPU of
7|=RIE AL SHIAIR.

710l 20| B2 ZH|O| &3 A3 BIEE Holste Wol o SEFLICH

Braket2 5t0|EHE|E &2 Aldet ] LM E 7H£9F %2 Amazon EC2 QIAEIAE A|EHE C}
= O|0|X| URI /232 2 X|'HEl 0|O|X|E Docker M50 aliE QIAEAO|AM 2 S et

BYOC 7|52 AL & M= &7| AAMA HEto| = Z2H0|H! Amazon ECR E|ZX|E2|0| ZARE|E
0|0|X| URIZ X|&gFLICH Braket Hybrid JobsE silE AL Xt X|Z O|O|X|E AF26t0o] ZHdg Ald
L|Ct.
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https://docs.aws.amazon.com/AmazonECR/latest/userguide/Repositories.html
https://docs.docker.com/engine/reference/builder/
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html
https://docs.docker.com/engine/reference/builder/
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Dockerfile2| 7|2 o|0O| K|

Python2 At &3t Braketol M A3 5t= Z4E|0[|L] {0l £AZEQ[o{E MX[stEi= B2 7|2 o[O0lX|
SME GitHub 2| Z X|E 2|2} Amazon ECRO|M EAEIL|E= Braket Z1E0|L{ O0|0O|X| & stLILIC}.
O|0|X|E 7HAQtM 1 2|0l &l=5t24% Amazon ECRO{| @15 35H0F &HL|C}. o & £041 BYOC Docker It
Yol Hmi E2 I3 22 = A&SLICH FROM [IMAGE_URI_HERE]

I
k=l
[
(Al

Q'I_l
L
n

3% & LIHX| Dockerfile LIE S 2I=3st0{ ZIE||O|L{0f =7t AZ E90{E M|
At 2= El Braket 0|0[X|0l= M ZE| 0| TIU™H A3 &IETI o|0] ZE ko] /Ie=2=z ZFof
CHsl A7

& et gi&Lh

C++, Rust EE= Julia?t Z2 H|Python 210{E AL&38F7{Lt ARMIt ZH0[ x860] ot =l CPU Ot 7|E X &
O|0|X|& YEstEde B Hio{2 37i o|0|X[E 7[gte 2 YUEsHof & 4= U&LICE Amazon Elastic
ZE 0| Bl X[AEE| S7H ZE{E[oi A o248t o|O|X|E Bto| & & &= U&LICH CPU ot Z[E4&{of| &t
Bt [g MEiStT LWRE B2 AA83Eie GPUE MEISHAAIR.

(M AFEH SR HEO|L] FIYM AT EE

(® Note
At =l Braket 0|0|X[0of] &7t AZ EQo{Bt FItet= FR0ofz= o MME ALF|o{E &
L|Ct.
stolEE|= 2do| 2R 2 PythonO| ot I EE AlRMSHE{H Z4E| 0[] TS Holst= Python &
32 EE +™3Hok gLt Amazon Braket braket_container.py Glthub01| A} IO AT &
EE o2 £0f EZ/&LIC} Braketol M O|2| Y= 8t o|0|X|7t 0 E|& AFREE AlZstD MH
3 873 H4E MAsiE ol 86t 23R EQILICH AHE|olL] TIX AHEE AHAM= Python2
£ E[0{ RU0{0F 5t X2t PythonO| Ot AT ZIEE A[ZE = U&LICH AFM ZHEE of K[of| A Python
gnel& AR ET| Python 5t ZEMAZE AIRE|[AHL 2ATF| MER ZENAR ML= XA
£ 2 = A&LICL o| 2 g - 5tH O"EEI ZOIE AFRIE0|M PythonO| O} T E|E A3
ZIEE AMMSIT = & £ QlaLICt o2 Sof, It &AL 2o [}2} Rust ZEMAE AESIESE
thekick_off_customer sc1:1pt().%=.F E +dg = JUsLict

2tT5| M2 2tde =& braket_container.py A{&LICt Amazon S32| &2 Cl|O|H, &4 0}7}0]

B gl 7|g € mtUE ZE|olLz SAtet T M #E He8 Yolstok gL
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https://github.com/amazon-braket/amazon-braket-containers
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html#cli-authenticate-registry
https://gallery.ecr.aws/
https://gallery.ecr.aws/
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L257
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L274
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L139
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LZIest AZEQ|0|E B F Mx|st1 ZE|O|L]{ AT R EEZ Dockerfile L &sl= A.
(® Note
0|2| 2= El Braket O|0|X|Z Docker 7|2 O|0|X|Z AL 3t A< ZiEO|IL4 A3 B E7} 0|O|
A& LCE,
O|™ EtAIIM =X E ZIE|o|L] A3 BIEE BHE AL 0|2 ZiH|O|L{of| EALSIT &4 HE
SAGEMAKER_PROGRAM 2|5t 7{Lt M| ZIEf|0|L] TIIM A3 BIEO| O|F S HolsHof g LICt.

braket_container.py

CI=S2 GPU 7t & QUAEIAON|A JuliaE AFE2E = Dockerfile U= O A QL|CH

FROM nvidia/cuda:12.2.0-devel-ubuntu22.04

ARG DEBIAN_FRONTEND=noninteractive
ARG JULIA_RELEASE=1.8
ARG JULIA_VERSION=1.8.3

ARG PYTHON=python3.11
ARG PYTHON_PIP=python3-pip
ARG PIP=pip

ARG JULIA_URL = https://julialang-s3.julialang.org/bin/linux/x64/${JULIA_RELEASE}/
ARG TAR_NAME = julia-${JULIA_VERSION}-linux-x86_64.tar.gz

ARG PYTHON_PKGS = # list your Python packages and versions here

RUN curl -s -L ${JULIA_URL}/${TAR_NAME} | tar -C /usr/local -x -z --strip-components=1
-f -

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 \
libssl1.1 \
openssl \

unzip \

wget \

zliblg-dev \
${PYTHON_PIP} \

${PYTHON}-dev \

RUN ${PIP} install --no-cache --upgrade ${PYTHON_PKGS}

RUN ${PIP} install --no-cache --upgrade sagemaker-training==4.1.3

# Add EFA and SMDDP to LD library path

ENV LD_LIBRARY_PATH="/opt/conda/lib/python${PYTHON_SHORT_VERSION}/site-packages/
smdistributed/dataparallel/1ib:$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

O| M= oM NMBste AT EEE CIREESHT AWS A&5t0{ 2 & EHE
5t X| =HQIELICH o| & £01, a A

= £ QU&LICE MIT license

HIZ 70 ZE (of: HIZ7H GitHub == GitLab ZIZX|EEMM EAEE|E IE) & ZEE0F st 42
o0 x|of| M ASt7| 25 SSH Z|E o|O| X[l LHE 5t K| OF & A[2. Docker CH 4! Docker Compose
C& I AFE5H0{ SSH7I FEE SAE AAEIO|AM SSHO|| KM AE 4~ U= Docker SHMI 2. RHA|
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& LI 2 Docker0ll A SSH 7|E 9H5HAH| AF&35H04 HIZ 7H Github 2|Z X|EE2|0] M| A S| 710|=

o|0|x| 1= L 4 Z E Docker

O|M| 435t H Dockerfile HOo|E|e 22 Z2t0|8! Amazon ECR ElZX|E2|7| ot giles A< E
HE el Z2H0|8! Amazon ECR E|Z X|EE|E MAE &H|71 & ZdQlu|ct. EE8F Z4E|0|L] o|O0|X|&
BEStD ElOE X|™HetD 2| ZX|EC|0 Y2EE £

O|A| olO|x|& &=
o

o B E X|HSHD FAIE =47 & LICH SMof cHEt ™A docker
buildA& @t | e 40 .

0= Docker = MdHME HESHAAR

oM Holet ME mto| F? ChES A™de + AU&LICH

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

X4 &8t Amazon ECR H&t &%

Braket Hybrid Jobs DockerO|O|X|= Z2}0|8! Amazon ECR E2|ZX|EZ|0|AM S AEIE|0{0F Ef LIC}H |
2422 H|S7H Amazon ECR EIEXIEEIE S5 ZHR} Braket Hybrid Jobs IAM role B & &A1} Z
O| O|OIXIE At83ted= CHE AFSXtol|l A ¢7| HetE MSstx| ef&LIch XAt HetE FoistcdH
ElZXIEE| HHES ddaliof gLt "E'H._F*—*.QE o|0[X[ol AMAStE A= EH ALERILE IAM & ol A|
OF HEHS Foist M A[. B, HEHO| U= AFETO| O|0|X|E image URI 7K =5 5{&5H K| OHMA|2.

KtA| Z1E| 0|10l M Braket 5t0|E 2| E &HQd AlSH

A& ZAE|O[L4 2 to|EE|E B2 HAM5t2d™ image_uri X|HE Q=&
AwsQuantumJob.create() AF&3l0{ ZESHAA|L. RC|HE A|Z2|0IE{2] QPUE A
Braket Hybrid JobsOi| M AFEE = = e ZEMAMUM ZEZEE I EE ™Y =
QPUOIIM Al&S7| Hoi SV1, DM1 EE= TN1H 242 AIEBIOIE{0M ZEE HAES
LiCt.

235t HLE
&LcH AX|

ol
AA

— = A
BE Aol £&

s =l

7|1& Z2MAMAIM ZEE A™5tEd™H & OI0|E5t04 AH& = instanceType 2
instanceCount £ X|H3t&AI2. InstanceConfig #1 2 instance_count > 12 X|Hs= 4
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https://www.fastruby.io/blog/docker/docker-ssh-keys.html
https://docs.aws.amazon.com/AmazonECR/latest/userguide/repository-create.html
https://docs.docker.com/engine/reference/commandline/build/
https://docs.docker.com/engine/reference/commandline/build/
https://docs.aws.amazon.com/AmazonECR/latest/userguide/set-repository-policy.html

Amazon Braket

@ FE 7} 0fE] BAEOIM AT 4 QK| HOIsHok BLICH MEE 4 Qi QIAEIA 40| 43 5

o=

FHLICE. off:

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
7|7l ARNZ AtEst0] 5t0|EE|E e HIEIH[O|EZ ALS T AIZE|0[EHE FXHE = A&
Cl. 518%le 22 842 device = "local:<provider>/<simulator_name>" [I}Z}OF

gtLICH <provider>%! = EXl A, S22 <simulator_name> # A E|o{0f StCHE
2 7|t MAIR.. _ - BEXIY 2 256Kt 2 AN|EHELICEH

BYOCE A& H & 0|1 Braket SDKE AI&3t04 AL A2 MAM5IX]

O| uj2tO|E{of| &4 #44 AMZN_BRAKET_JOB_TOKEN Z{& ™MEaloF &rLiCt.
CreateQuantumTask I X| oto™ X} 2ol 24M &7t Ro{E|X| f 1 Uit S &

A stio = @30l HREL

oM 7|8 HZIE F 5 AA|2. AwsSession

KM HA 2 NSt AwsSession RUEE Y = UELICH(0f: 7|2 HZA! /Ix]). 7|I2H2 = 9
7|18 HZ! @%x|= f"amazon-braket-{id}-{region}" QILIC}. AwsSession X[t A A| O]
7|22t M-Yolgr = A &LICH AwsSession AFE A= CHE ZE 0| M2 aws_session 20| OH7H

HH4 0|E € AwsQuantumJob.create AF235t04 AwsSession 7S
CF.

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

Meitoz MIE £ UsL

oM 7|2 HZE 7S AIL. AwsSession
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(@ Note
Amazon Braket Python SDKE A}-&735}04 Amazon Braket 0|2 Z|=E 51t 435 A 835l= A
Ol Z&LIC} Sl0|EEIE &HUE HEXMoZ A= ol =20l Zle HE[S 7B Y ES

7ls& MSELCh.

OME= AFE LS| 7|8 ATE S CHELICH API APIE A8 5}

= 5
E* = AUcte M2 HFol F1 5l0|EE|= %S AAlstedT

APIE At235l248 H ol AmazonBraketFullAccess 22|83 221} ztad &l o380 Qlo{of &Lt

(@ Note

AmazonBraketFullAccessZ 2|8 Mo 2 odshg U= dhedof CHSt AFM|EH LI 2
Amazon Braket A3l H O|X|E & Z3HAAIL.

i

>

gtLICt o] &2 MH|A0| MEELICH Amazon Braket 2£ 2 AF&5l0{ &t

S A HE T ERF N

2 Mg = JAaLich e 2 MY m|ofX|el A™ g B2 AI&35tod stolEE[= Eedoi CHE 7|2
s MM = AsLch

stolHEl= Aol 2Rt 2E oi7] & XI’daHok & LICt CreateJob API Pythong A& 35t24H™
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from braket.aws import AwsDevice, AwsSession
import boto3
from datetime import datetime

s3_client = boto3.client("s3")
client = boto3.client("braket")

project_name = "job-test"
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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={

"s3Path": f"s3://{bucket}/{s3_prefix}/output"
I
instanceConfig={

"instanceType": "ml.m5.large",
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"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"

iy

hyperParameters={
"hyperparameter key you wish to pass'": "<hyperparameter value you wish to
pass>",
.
stoppingCondition={
"maxRuntimeInSeconds": 1200,
"maximumTaskLimit": 10

},
)
StolEE|E &S MHE FOI= GetJob APIEEE 2£2 S5l sH0IEEI= &Y MF HEo| HMA
g o A&LICH O™ ofiM|2F Z 0| createJob ZEE AR B Python M40M StO|EEIE & MIF
YEE 7tx{224™ CHF Python BYE ALSELICH

getJob = client.get_job(jobArn=job["jobArn"])

stolE2|E &dE F|435HE{™ Amazon Resource Name of the job ('JobArn') 2 CancelJob API A&

cancellJob = client.cancel_job(jobArn=job["jobArn"])
checkpointConfigItz2tO|E] createJob API AtE2| LR E MIZQIEE X[HEY = U&LICh

checkpointConfig = {
"localPath" : "/opt/omega/checkpoints",
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints"

iy
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(@ Note
9| localPath=/opt/ml, /opt/braket/tmp, EE= O YE BAEZ A|ZHE

checkpointConfig &= 1&LICt. /usr/local/nvidia
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U EHR|E SYI|E HA ZEES MetAIFIE 8748 E2o| Fes gy alaLch LWZEe A Sxt AR
El2 o] EA|of CHet sHZAR S AMAISHKIEH $4RHO| YR} & x| FHIE 9 Aoz =2 2782
Ql& MBHEILICH EHr|X o2 o] 2XME Q57| Qs (7RSS F20| Bt YR} At MHEtz £
ISt WHE HAFS D USLICH SR 27 282 247 o] M2 wWAlos 2ol de 5™ o
O|E{oflM CH8t 7|& 2 AIR3610{ x|4lo| Al E F&6t= Zd0| ZEELICH

2t3l: lonQ Aria

QF 23tols o] 22/ 22 E st FYRIE AEstod ZME JliMete XWol e ELICH O
lonQ Aria & %[0l £ ClHtolo{&lolEtE 2/ 23 Lol AU&LICH

ClHiolo{dl2 2= & CHYet RHIE =Y & CHYE HO|E Edlfol %83t o] HEe = nfEE

E
LICE. Ol Sall &Y ZAntE HITAZ = U= CHLet 22 FHE ME

T

HoZM HOIE 13| E=
Crel 23t RHIES 22 AL 9RO UHE Y 4 UALICH 0|2 Qs oz FHIES Hol=E
DS O S £7 QIS T} AL

T8 Kol CHEE RRMIEH LIS 2 CHEISHE S8t IR TRE M5 B4 S FESUAIL.

(@ Note
C|HFO|O{AIE Al25tE{H = A 2500% o] AFRIO| 2Lt

CHS ZEE ALE5H0q 10Q Aria C|HFO[A 01| A ClHFOlo{ &zt B /A 21 A S die + U&Lict

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(0, 1)

task = device.run(circuit, shots=2500, device_parameters={"errorMitigation": Debias()})

result = task.result()
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Amazon Braket
print(result.measurement_counts)
>>> {"QQ": 1245, "@1": 5, "10": 10 "11": 1240} # result from debiasing
Of Rt BQi0| R EIT YA AHdo| B HE A SHS HOIY £ AUBLICH BE WOl B &
EN oot B B2 2 EAELICEH ZICHz2is 20| 3|20l X[HE 2E 21 fR¥2 & Y IIRE
E Ar835t0o{ AHlAHELICEH
MES}
MIZZO|EZlE CHE FXE| M2 AFS S0 HlAHE S & Eof| HMAT =T JU&LICH MHBSHH 5
71 7|52 ME5tH Zt #i¥ ol A1t E H|w e F UR[SHK| o= AFZEIE AFA|SH0d 048] BH™F0i ] 7HE
b0l 2 5 ZATE US4+ UAGLICH XHMIE LIS CHAlsE S5t Uxt HRE M5 HAS
xl-_7|<_3|.AIA|_Q__
SR8t H2 A ZH2 £ Ex 0| Hef7| 5|5t & E0| 02 HEN7I Btom 5|8Et W2 71§t
Ct= JYLIct o] 71’Ho| R=5tK| g2 4% &E =7t AHFE = JUautt
Braket Python SDK2| additional_metadata EEO0|M of 28t EEZE S5l HE0of HMAE =
2 2 &Y IIREE UHEetX| ot Ci &l ChA| HretE
o & BZof AMAGE S HoiELIC

&LICI GateModelTaskResult £ T2 AFZ
E RXE HEELICH O ZE ALIEE2 Al

I.
print(result.additional_metadata.iongMetadata.sharpenedProbabilities)

b

"11": 0.549} # sharpened probabilities

>>> {"@0": 0.51,
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® Note

oflof ARNE e Follgt oflofol SHEELIC

oflef2 x| 1AZH EHRIE 7tS5HH, &7 ClHto|Aol= F7F of & Aol MEh (xl4 2 |CH o 2F 7|zt
Z2h) ol U2 = UELICE Braket B2 oS &Ql5t7| ™o 2 E 2 HEE 752t SFELICH
01|°'=

oefe 83l AIAZEE MEIFHML.
ofef ol IR0 ClHHO|AA A ELICH ClHEO|A ofef Foi A-E #E EfA3 U 5ol
CIE &S xIHst2iH R &8 o|of ARNS AS3aloF & LiCt,
(@ Note
of2f2 AWS HH X 7|7|'E2 CHELICE of2F 2 ddE AWS AHE of2f ARNE M EE =
U&LICH EB of 2f ARN2 MEASH A Ol B2 AlZHo]| of|2FEl C|HFO|A0|AMEH f = B LICt
of of =l AlZtE z[CHEH & E5tEdT of of ™ol 2t 22 Chy|Holl =5 MEE = /&LICH ol
gt I Z == o 2f0| AEFE [7HX| QUEUED A EHE | XIZLICH 0|2fo] A|ZtE|H CH7| B2 ZE
27t MEE =AMCHE A™ELICH Job EfAT = SEYE HH EfAIECH M =27 Ha &Y
CH.
@ Note
ofof Solls Q20 MYE|DZ ofof ARNSZ MEE 2] 2l 2ol CHaH A E CH7 (0|
EAE|X| eb&LICH
ofefg et 2H ElA3E Hdst7| 28 Z= oA

=
1. OpenQASM B4 2= GHZ §EfE EHIst7| 2IE 22 & HelF LI

// ghz.gasm
// Prepare a GHZ state

OPENQASM 3;

ofetg Sall T2 =2 *2lstMlR. 223



Amazon Braket TR 7H0|E

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

h qle];
cnot q[0], ql[1];
cnot q[1], ql[2];

C = measure q,

2. 2|29} of|9f ARNZ A8 350 ¥R S ddstlAlL.

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

HHAHHAHH SRR SRR SRR SRR HH SRR HH SRR SRR SRR HHGHHGHH SRR HH SRR SRR G R R HH SR H SR H R HH SRS
IMPORTANT: If the reservation ARN is not specified, the created task

queues and runs outside of the reservation.

(The only exception is when the task is created by the script of a hybrid

job that had the reservation ARN passed at the time of its creation.

See “Code example for creating a hybrid job for a Braket Direct reservation:”
in the following section.)
HHAHHBHHBHHBHHBRHBHHBHHBHHBHHBHH B HH B HH B HH B HH B HH R HH B HH B HH B HH G HH B HH B HH SR B HH R HH
my_task = device.run(

#
#
#
#
#
#

program,
reservation_arn="arn:aws:braket:us-east-1:<AccountId>:reservation/
<ReservationId>"

)

# You can also specify a particular Amazon S3 bucket location
# and the desired number of shots, when running the program.
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# 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>"

)

//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. d12|F 23 BIEL} of|2f ARNS ALE3St01 6t0|EE|= At S dd7Lict

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
"arn:aws:braket:us-east-1::device/qpu/ionq/Aria-1",
source_module="algorithm_script.py",
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entry_point="algorithm_script:start_here",
reservation_arn="arn:aws:braket:us-east-1:<AccountId>:reservation/
<ReservationId>"

)

3. HA CIZBOIEE AtEst0d sto|EE|E AYS HIFLICt

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(@, 1)

task device.run(bell, shots=10)

measurements = task.result().measurements

return measurements
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LA A2 MESH F0i= Amazon Braket SDK & 2& 2
| ™ Braket2 X|HEl Amazon S3 ?|x|of ZotE 2 2
ol AlZrol 22 + /2, §351 QPU C|HtO|A 9| B AlZo| ZE += JA&LICH YEf f¥0l= ChS0l

« CREATED— o}O+E EEl3lo| & alo| 21E EHAT E wet&LICH
O

[ =]
+ QUEUED— Amazon Braket2 &l 22 2|
L|Ct.

« RUNNING— A &2 QPU &= 2C|MHE A|Z20|E{0f| M A

« COMPLETED— QPU EE= 2C|MHE A[ZE| OB 2Rt 2] o] 22 E|I& LT

* FAILED— XX} &g Aldstedn K| AmF&LICH FAF ot 74 Aulist o|Rofl 2t At 1t
ME CHAl ME8H EMR.

CANCELLED— YAt 2t S F|AFMESLICH FHE EfAT T A-YE|X| 2It0{2.

oII

Lk

O AlM:

« Amazon Braket SDKO{| A X} 29 F%1547|

» Amazon Braket Z&£2 S8 At 2 ZLIEE

« Amazon Braket 2|AA0{ Ej2 X|%

- OtOHE EEb (Amazon Braket) #t21 O|HE 3! XH5 4M EventBridge

- otorED St otohE EEf ELIE{Z CloudWatch

« Amazon Braket APIE A& 8t £ CloudTrail

« E AME35t0{ Amazon Braket —ES QIARAE MHFLICH. AWS CloudFormation

=
. _—;I_:l. §7|

O| BH2 N/ YAt 2 IDE ME5t0o] Y 2 UE device.run(..) HolELICH CHS ofet
task.state() 20| JEHE At FHY =+ JU&LIC
&1 task = device.run() HIS7| H0o|=2= A[AHO| YIEI2E0M & Y E *E|stE
Sotollz A& &UE &= &Lt
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Z 7

X™3IE task.result() Z™ SDKE Amazon Braket2 Z2/6t04 & Al 40| 2 R =X| & Qlst
E A o

7| AEELICH SDKE AR A7 Holst Z23 oHoltdE AFSELICE .run() YA 40| 2= &
SDKE S3 HHZ!o|A 2Tt E ZAAMStn 0|8 A2 BHetErLIC QuantumTaskResult

E

# create a circuit, specify the device and run the circuit

circ = Circuit().rx(@, 0.15).ry(1, 0.2).cnot(Q,2)

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1l")
task = device.run(circ, s3_location, shots=1000)

# get ID and status of submitted task
task_id = task.id
status = task.state()
print('ID of task:', task_id)
print('Status of task:', status)
# wait for job to complete
while status != 'COMPLETED':
status = task.state()
print('Status:', status)

ID of task:
arn:aws:braket:us-west-2:123412341234:quantum-task/b68ae94b-1547-4d1d-aa92-1500b82c300d
Status of task: QUEUED
Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: RUNNING
Status: RUNNING
Status: COMPLETED

FE EfAT F A
AR S F|ASHE{HE CFHS oK 20| cancel() HAMEE &5 MAIL.

# cancel quantum task
task.cancel()
status = task.state()
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print('Status of task:', status)

Status of task: CANCELLING

VEEEEEEIEY k=3

CtS ofle Zol 2tz &l ZR 2ol HIEIHIOIHE &elE = JU&LICH

# get the metadata of the quantum task

metadata = task.metadata()

# example of metadata

shots = metadatal['shots']

date = metadatal['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-
2292-1500b82c300d

Qb R} EHQ] = 74T} 44
ask Z4R|E RITAIE % Ql&LICh 2 CFS task. result

A Aelg REE # 70| SREHL cES0|L HREE 22 B2 TR ARN (ZA 5121 D)
£

from braket.aws import AwsSession, AwsQuantumTask
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# restore task with unique arn
task_load = AwsQuantumTask(arn=task_id)
# retrieve the result of the task
result = task_load.result()

Amazon Braket 242 &8t ¥AF &Y ZLIEHZE

AmazonBraket2 Amazon Braket &2 Soll At 22 ZLIEZst= HWalet W E MSELC.
MEE 2E X} 5ede Che 2T 20| Quantum Tasks Z=of LIFEILICH 0] MEIAS x|z
Ch222 573 X0l ddE LA 2rde 2 + A&LICH AWS 2T
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 1 > @
Quantum Task ID Status Device ARN Created at
(@] d87730f0-4141-4260-9de2-7fd18c20f7f2 (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
@] 62a5b6f9-2334-4bad-af4f-a5aeebbe6032 &) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
@] 85f05c12-c4d0-42bf-8782-b825775f057a &) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)
@] 1fal148a2-aaaa-4948-b7df-808513145a20 &) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
(@] aee8d2ad-a396-4¢11-9f13-9aa62db680bY (© COMPLETED armaws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
(@] dfee97af-3aae-4e57-bd64-29d6f9521937 (© COMPLETED armaws:braket::device/quantum-simulator/amazon,/dm1 Aug 31, 2023 19:11 (UTC)
HMEAES Soll §Y LAt HYS AN + UsLICH AM2 2E EfA3 ARN (ID), &El, ¥l
2 dG Azt TlEtez & &+ AU&LICH CHS ofleF Z 0] LHH|A|0|4 HHE MEistE S0 RIS 22

Amazon Braket 22 S8 &AH 2 ZLIEHTE
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https://console.aws.amazon.com/braket/home

Amazon Braket

JHEER} 70| =

Amazon Braket » Quantum Tasks

(D QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [7

| (&} || Actions ¥

arn:aws:braket::device/quantum-simulator/amazon/sv1
arm:aws:braket:::device/quantum-simulator/amazon/sv1
arn:aws:braket::device/quantum-simulator/amazon/dm1

reig At olE &

Quantum Tasks (10+)
| Q, |search
Propertles
Status Device ARN
Status
Device ARN bii © COMPLETED
Quantum task ARN
D32 (2) COMPLETED
Created at
O 85f05¢12-c4d0-42bf-8782-b825775f057a (© COMPLETED
o — o=
CtZ o|0|X|z m&et LAt 2 IDE 7|He 2 YA} &
o . = o A A
2 task.id 3 ¥2 = U&LICt

Amazon Braket » Quantum Tasks

o{ELICt. O] ID= &=

Created at
Sep 05, 2023 19:13 (UTC)
Aug 31,2023 19:11 (UTC)

Aug 31,2023 19:11 (UTC)

]

(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [4

Quantum Tasks (1)

‘ C H Actions ¥ ‘

| Q Ssearch

| (1) matches

‘ Quantum task ARN = arn:aws:braket:us-west-2:260818742045:quantum-task/4cd1a31e-61c0-469c-a9cf-a2fbe7b4e358 ‘ X ‘

‘ Clear filters

Quantum Task ID

. 4cd1a31e-61c0-469c-a9¢f-
a2fbe7b4e358

Status

(%) COMPLETE
D

Device ARN

arn:aws:braket::device/quantum-

simulator/amazon/sv1

Created at

Aug 31, 2023 19:10
(uTQ)

ot ofe O 2
QUEUED %X} 4 IDE
C|

223t
9} Aelo] S5 7|y 9l

Amazon Braket > QuantumTasks > 3d11c509-454d-4fe2-b3b!

3d11c509-454d-4fe2-b3b9-fad6d8eab83b

Quantum task details

Quantum task ARN
1:98463111

K/3d11c509-454d-4fe2-b3bs
Device ARN

Shots
100

Status
@ QUEUED

Created
Sep 08, 2023 19:22 (UTC)

Results

ol =0}
AN - —

=

Queue position info
3 (Normal)

Ended

Status reason

PN SoF JEIE ZLIEEE =+ U&LICH
™ MF HE Ho|X|7} EAIELICE o] HOo|X|o& z

MElg Fx[t 2

Actions ¥
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StO|EE|E ol AR = MEE Quantum 22 CHZ Lo I M M =2I& 7HELICH stol= 2]
E & IR oM MEE Quantum 2 eI CH7|[E @M =218 d&L

Braket SDKE FZlstcdie n42 zzaefd SAoez AHEHEfAT A 5t0|EHE|= 2 7| 2R

| |
2 =018 4 QBLICH REAIE LIS Lf 50| 1R AMEILLL? HOIXIE AZTSHAAIL.

Amazon Braket 2|A A0 E{ X|H

El1= AFERI7 EY 5 HLE 2lAA0 & 5E AFEAF X|1H &4 Bllo|E LICH AWS AWS Ejl 1=
2IAAO| CHEH REMIS| 2243 = HIEHDIOIE{QILICH ZH EfaE 7|2t 2t 2 FAELICH EfT 7|9 Ef
ke graliM 71-2f o2t gLich AFRI7F S 5teE Ef ol CHal Z(et Z2f S HolghLct

AmazonBraket 2£ 0| Xt 2 L=
= -.-7}—}7—||_} EH:LE M7HsEHLE, EH2

El Al
Ef21E AI25IH Z|AAE RS HFE FHE = UESLICH o|E 0, “EAMEl1E &Y 504 O]
2AAE ARSIE BME XHE £+ U&LICH

Zt ej20l= CHE = 7HK| RE0] J&LIcH

« B} 7| (of: 84 == TZHME) CostCenter E{1 7|= CHAE X}

- Ej Ztol2tm st MEHY EE (0: 111122223333 £ Z2H 22 AE A2 dl
AEE M8t Wt Z&Lct Ef O 7|XMH BT 22 CHAEXE FHELICH

B E AFEstH OIS 22 e =98 + A&Lich

« AWS B|AAE A5t D HElSHMR. B2 MH|ATFE D X|HE AWS MH|A XS EE HEZ C}
E MH|AQ| ElAA0 S EIOE &E5l0] 2lAATF B0 YUSE LIEIE £+ Ql&LCt

- AWS H|E2 FX3IM L. AWS Billing and Cost Management CHA|EE0{|A 0248t Ef2E & A3}
gLICH AWS EfIE AL85tod HIS S BR&tD HH HIS €Y ETME MBS ELICH RHAIE LIS
2 AWS Billing and Cost Management At& &BEMO| HIS & BT A8 2 &ZXSHAM L.

« AWS Z|AA0| CHEH HMAE FMo{stML. AtAMIEH LI 2 ElIE MEFH MM A KMOo{E FHZESHAA
o
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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/IAM/latest/UserGuide/access_tags.html
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AWS 2 ElfiT70i CHE REAIEE LHS

- OB XI& 3 AL TEIS HIRE EfZof CHE UBH B Uyt A 70| Ej7 K|S AWS BIAAE &
Z 35t AIR2.AWS

- EAZ B0l CHE AHMIEH LIS 2 LB &Z 0l EiT Ol XI% KBt U 27 AFEE BESHIA
2.AWS

o 2 Al 2 e R|F MEF2 el RIA 2 Alel| 2 e XA MEFS R SHAAIR AWS

Ei AFE S X|SHE MH|A S5 Resource Groups Tagging APl 2 2 & & EASHAIL.

CHS MMo| M= Braket2| Ef10i| CHEF ECF &2l HEE XS ELICH Amazon
Amazon BraketO{|l M X E|= 2|AA

AmazonBraket2| C}S 2|AA &2 B X|HE K|ELICH

« quantum-task 2|A&A

e Z|AA O|S: AWS: :Service: :Braket

« ARN 8 Al: arn:${Partition}:braket:${Region}:${Account}:quantum-task/
${RandomId}

1 rEE22 AMXE Amazon Amazon 2|AAO| K|
Amazon Braket 2&0{|A Braket tEE0]| Ef2E ®ME35t1
L& 2 dEMo| ES QIARA HEHHO[HE XA AIR. SageMaker

O 242 AFR510{ T EE E|AAR 0|50
. =

LIC}. SageMaker AFA|Et

El2 X| &t
AmazonBraket 2| AA Q| Ej10= 21t 24 7|2 AN|Eto| M=}
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« 719l aws EFALZ AL S| OHAMAI2. O] HFAE AWS ALESHE S of of E[o] RI&LICE.
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https://docs.aws.amazon.com/general/latest/gr/aws_tagging.html
https://docs.aws.amazon.com/general/latest/gr/aws_tagging.html#tag-conventions
https://docs.aws.amazon.com/general/latest/gr/aws_tagging.html#tag-best-practices
https://d1.awsstatic.com/whitepapers/aws-tagging-best-practices.pdf
https://docs.aws.amazon.com/resourcegroupstagging/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-manage-access.html#resources
https://docs.aws.amazon.com/sagemaker/latest/dg/nbi-metadata.html
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EfE 2laAo| 402 MYELICH AmazonBraket 24, Braket == & 83l Ei1& E11, 75t
T, -ota, Ldsta, A XME & &LICH Amazon API AWS CLIREAIEE LI 2 ofOtE E2t3 API

Ej1 =7}

CI20t 242 Ao Ei271 758t 2IAA0 EfOE FIIE £+ &LICh

o CIAAE MME m: 222 AE38H7{LE APIO] Create Tt &7 Tags LEHOIEIE E & A|FZ|AA]
2 .AWS

- CIALAE MEEH & 2 835101 Quantum EfAT & L ES E|AAR 0|S57HLE AWS API
X =
=

0 M TagResource &

2lAAE M"Y M 2[AA0 EfIE FIsteiH X|HE R EIAAE MY = e HEE Ee
gLcH

El 27|

ZL£S M8 MY L= LES B|AAR 0|Sst AU 2 E 5 E5H01 Amazon Braket0l A E§ 27t
sttt BE ElAAQ[EfOE 2 = U&LICEH AWS ListTagsForResource API

CHS AWS AP BEE AF8stod E|AA0| B0 E = + U&LICH

= S

Z& 2 A85t0 Quantum EfA3 = L ES 2|AAE 0|S3to] E§28 HESHHLE CHS HHES A
835t04 EfZ 7k S8 ElaLol FAE Bl 9| gtE +8E = U&LIC ol0] EXst= B 7IE XIE
St siY 71o] 2t E HoiLc

 AWS API: TagResource

EH2 A|7H

M7HE 7|18 XHSH7HU, 2£2 M8510d HEHEIAT T= L ES B[AAR O|SSH7HLE HYUE 5 &
g 2|AAAM EfTE MHE = U&LICH UntagResource
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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
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
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+ AWS API: UntagResource

AWS CLIE M 83%te B2 22 QPuel mi2t0|E Sv1 MHo 2 MMt At 2hedol M |= Ef
Hf = Oof| x| B ILICE Rigetti | A| B0 2ol 7t X|HE|0] U= RE
eyOll= Zt0| state MEE/1 Valuedl= 2t0| MEBELICIWashington.

30
Iy
Co
_ITI_
o
oy
40
P

aws braket create-quantum-task --action /
"{\"braketSchemaHeader\": {\"name\": \'"braket.ir.jaqcd.program\", /
\"version\": \"1\"}, /
\"instructions\": [{\"angle\": 0.15, \"target\": 0, \"type\": \"rz\"}1, /
\"results\": null, /
\"basis_rotation_instructions\": null}" /
--device-arn "arn:aws:braket:::device/quantum-simulator/amazon/sv1l" /
--output-s3-bucket "my-example-braket-bucket-name" /
--output-s3-key-prefix "my-example-username" /
--shots 100 /
--device-parameters /
"{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.rigetti.rigetti_device_parameters\", /
\"version\": \"1\"}, \"paradigmParameters\": /
{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.gate_model_parameters\", /
\"version\": \"1\"}, /
\"qubitCount\": 2}}" /
--tags {\"state\":\”Washington\"}

Amazon Braket APIZ E|1 X|%]

« Amazon API Braket2 AF&3510{ 2|AA0 EfOE MYsl= 89

o
TagResourceAPI

M
Foi
M
g'l_l
| el
>
to

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tags {\"city\":
\"Seattle\"}

« BIAANMEIZE M7HE{H & EESHAAIL. UntagResourceAP|

aws braket list-tags-for-resource --resource-arn $YOUR_TASK_ARN
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https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
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- EY Z|AA0 AZE RE BT E LIYote{H E S ESIMAIR ListTagsForResourceAPl.

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tag-keys "[\"city
\ll , \llstate\ll] 1]

ototE HEFS! (Amazon Braket) #21 O|HIE & XI& M

EventBridge

Amazon2 Amazon Braket 2At 2 J0f M &fE} B4 O|HIEE EventBridge 2 L|E{& & LICt.

AmazonBraket2| O|HE = 72| MA|zte = TS ELICI EventBridge. O|HIE 7} &0t AX|E Mf &=
e xtS3HE ZYS T ESto] 2 /U= OHEE LIEL = ZHEE 722 2 dE = &Lt EE|
HE = e xts M2 oS0 2 &Lt

- g4 & AWS Lambda

« AH|O|E M4l 48t AWS Step Functions

« Amazon SNS FA| &

EventBridge Ct& 3} Z2 Amazon Braket & Ei 843 O|HIEE 2 LIE{&ELICH

- HHE A3 9| &EfT} BEEILICH

AmazonE A2 ARt 2] el HE O|HE S| TS HEYELICE o|2{8r O|HE = %|4 3 MY

KEMIEH LHE 2 of o|HIE 3! Oo|HIE I{E S FH A5t A2 EventBridge.
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AL & 5tH BraketO| Amazon Braket 2 Xl ZF 41} EventBridge 224l 4HEf #44
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https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eventbridge-and-event-patterns.html
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1. A& H$EH0| = EventBridge 1’31t Amazon Braket2 AF& 35104 21215 AA|2. AWS
2. https://console.aws.amazon.com/events/ M| A{ OtO}E EventBridge 2&2 JLICtH

3. L} 2/ 2 AL835104 EventBridge T+&|2 M gHLICH.

- & RY(Rule type)ol| A O|HIE THEIO| = 7 E!(Rule with an event pattern)2 2438 L|Ct.
- O|HIE AA(Event source)|A] 7|EF(Other)E ME4EFLICE
« O[HIE THE MMoi| A ArS AL X|7H THEI(USON HET[)2 MEHSI D OIS O|HE THEZ HAE F
qof 204 E&LICH
{
"source": [
"aws.braket"
1,
"detail-type": [
"Braket Task State Change"
]
}

AmazonBraketo| A 2 E O|HEE Z{x{5te{H
MRl A|2.

L

IS ZE0] ZEAIE CHE detail-type MM

"source": [
"aws.braket"

1
}
. CHA S0 & MEdstT AWS MH|A, CHAF MEHO) A Amazon SNS A EE= AWS Lambda
7150t 22 chAat2 MEfsHL|CH CHAMS Amazon Braket 28 E| X} Q1 Atel B47Z4 O|HIE 7}
=AE W E2|7AELIC

|E E04, O|HE &4 A| Amazon Simple Notification Service (SNS) =XIE A& 3504 O|H|
| = IAXIE B = A&LICH 0|8 I3l HE TX Amazon SNS 2&2 A& 5104
oA A2, REAIEH LE 2 AFE R 2210 Amazon SNS AFE & & Z5HA|

& Mol CiEt REMIE LI8 2 OHEof BFE 3= Amazon EventBridge 2] A4
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https://console.aws.amazon.com/events/
https://docs.aws.amazon.com/sns/latest/dg/sns-user-notifications.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-create-rule.html
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oflOlE =23 o|H E EventBridge Ol Al

AmazonBraket Quantum %] &'Ef #4Z3 O|HIE o| Z=of| CHEt XtAIEH LI 2 o O|HIE Ll O|HIE |
2 TS AIL. EventBridge

JSON 'MF HE' o= o3 22 £480| ZA|IFLICH

- shots(int): At& X7} shots L AT 4=l L|C}.
 outputS3Bucket(str): Ar& X7t X158 £33 HZI QLY.

« outputS3Directory(str): ALK} 7}

« createdAt(str): At EfA T M4 A[ZHE 1ISO-8601 EAIEE LIEHH ALY,

=
* endedAt(ME ALY [str]): SAH 20| 2|E HEfo]| ZE B AlZh Ol HEE= A X 0| 2E EIZ
Mt dol2 EAIFLICH

X get 28 7] HFARLICH
=

CH2 JSON == Amazon E2}21 218 EjA T AtE] 474 O|HIE 0| 0 & Ho4ZL|C}.

"version":"Q",
"id":"6101452d-8caf-062b-6dbc-ceb5421334¢c5",
"detail-type":"Braket Task State Change",
"source":"aws.braket",
"account":"012345678901",
"time":"2021-10-28T0Q1:17:452",
"region":"us-east-1",
"resources":[
"arn:aws:braket:us-east-1:012345678901:quantum-task/834b2led-77a7-4b36-a90c-
c776afc9a71le"
1,
"detail":{
"quantumTaskArn":"arn:aws:braket:us-east-1:012345678901:quantum-
task/834b2led-77a7-4b36-a90c-c776afc9a7le",
"status":"COMPLETED",
"deviceArn":"arn:aws:braket:::device/quantum-simulator/amazon/sv1",
"shots":"100",
"outputS3Bucket":"amazon-braket-0260a8bc871e",
"outputS3Directory":"sns-testing/834b2led-77a7-4b36-a90c-c776afc9a7le",
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https://docs.aws.amazon.com/eventbridge/latest/userguide/eventbridge-and-event-patterns.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eventbridge-and-event-patterns.html
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"createdAt":"2021-10-28T0Q1:17:42.8987",
"eventName" :"MODIFY",
"endedAt":"2021-10-28T01:17:44.735Z2"
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https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/working_with_metrics.html
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/cloudwatch_concepts.html#Dimension
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/cloudwatch_concepts.html#Dimension
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® Note
Amazon 2£9| L EE MFE ME 1 0|X|2 0|5 35t04 Amazon Braket .= E £ ©| CloudWatch
21 2ERE 8 & JU&LIC SageMaker &7+ Amazon Braket = ES MH2 Z£2 Sl

E
MEE = U&LICH SageMaker

Amazon Braket API& A28t 2 CloudTrail

AmazonBraket2 A& X} AWS CloudTrail, 218 = AWS A{H|A Amazon BraketOf A =28t %949
7122 MZste MH|A9 SEHEILICH CloudTrail AmazonBraketol CHE ZE API 252 O[HIER
g LIt ZYx{E S8toll= Amazon Braket 2& 01K 2| S8t L Braket Braket 2ol Cigt I = &
Z£0| Amazon Z & ELICH EB|YUS M445HP Amazon Braketoll CHEF CloudTrail O|HIE S & #5}04
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AE. EBYE Ar8 3™ CloudTrail Amazon S3 H-IiQE 2
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X|edo| O|HEE 7|§35t X|HE Amazon S3 HZIC 2 21 Tt MEFLICH EF CloudTrail
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html
https://console.aws.amazon.com/sagemaker/
https://console.aws.amazon.com/sagemaker/
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/view-cloudtrail-events.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/view-cloudtrail-events.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-create-and-update-a-trail.html
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 CloudTrail X|Hk|= MH|A &l
« 0f CHEF Amazon SNS 22! 324 CloudTrail
« 0924 X|40{| M CloudTrail 21 I =4l &l 04 HH S Z 2 E] CloudTrail 21 It Al

2 E Amazon Braket 242 0i 2|3l CloudTrail 7| ElLICt. 0f|& S04, GetQuantumTask EE&
GetDevice X2 5 &5tH CloudTrail 21 1} of &=0| MAMEL|C}.

DEOMHE A 20 FFols LEE WJet ASXtol| OiEr HE7F S0 U&LICH 2o I8 HEE
Ct
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. ofgh i WCIE Ol ALS b0l CHEF LA Hot Ko OIE 2 AL 5t0d R30| MMEIRIEK| 045,

=
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XEMIEH LHE 2 CloudTrail AFE A ID RAE EXSHAMAIR.

Amazon Braket 21 1}l &= 0| 0|5l

HY2 X8 Amazon S3 HZ!0f O|HIES 21 Ttz MEE + Qe 1Y
YolE stLt o4 ol 21 &=0| £ E|of Ql&LICE Ol A9

o, A I L AIZH QF D7 B Soll thet Y2 E ZEE LI CloudTrail EZL m 2

JH APl ZZ 0| HTE AR EPO|AT} ofLIE=Z EX &=ME EAIZ|X| St&LIC

"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {
"sessionIssuer": {
"type": "Role",
"principalId": "foobar",

arn": "foobar",
"accountId": "foobar",

"userName": "foobar"
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https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-aws-service-specific-topics.html#cloudtrail-aws-service-specific-topics-integrations
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/getting_notifications_top_level.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/receive-cloudtrail-log-files-from-multiple-regions.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-receive-logs-from-multiple-accounts.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-event-reference-user-identity.html
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iy
"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:56:57Z"

}

}
.
"eventTime": "2020-08-07T01:00:08Z2",
"eventSource": "braket.amazonaws.com",
"eventName": "GetQuantumTask",
"awsRegion": "us-east-1",
"sourceIPAddress": "foobar",

"userAgent": "aws-cli/1.18.110 Python/3.6.10
Linux/4.9.184-0.1.ac.235.83.329.metall.x86_64 botocore/1.17
"requestParameters": {
"quantumTaskArn": "foobar"

.

"responseElements": null,

"requestID": "20e8000c-29b8-4137-9cbc-af77d1dd12f7",
"eventID": "4a2fdb22-a73d-414a-b30f-c0797c088f7c",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

.33",

CHE2 Xl o|HE S| MF Y E BrEHstE GetDevice ZHdol Cigt 23

"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principallId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {
"sessionIssuer": {
"type": "Role",
"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",

"userName": "foobar"

o4& LICtH.
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},

"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:46:29Z"

}

}
.
"eventTime": "2020-08-07T00:46:327",
"eventSource": "braket.amazonaws.com",
"eventName": "GetDevice",
"awsRegion": "us-east-1",
"sourceIPAddress": "foobar",

"userAgent": "Boto3/1.14.33 Python/3.7.6 Linux/4.14.158-129.185.amzn2.x86_64 exec-
env/AWS_ECS_FARGATE Botocore/1.17.33",

"errorCode": "404",
"requestParameters": {
"deviceArn": "foobar"

},

"responseElements": null,

"requestID": "c614858b-4dcf-43bd-83c9-bcf9f17f522e",
"eventID": "9642512a-478b-4e7b-9f34-75ba5a3408eb",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

E Al235104 Amazon Braket tEE QIAEAE MAISH|CH AWS
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https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/cfn-console-create-stack.html
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/cfn-console-create-stack.html
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3. MFAE AF2504 SageMaker EE QIAEAE MAISHLICI amazon-braket-

1Et7|: Amazon =% SageMaker £7| 748 A3 EE MM

ClS ©HEZ3Z2 AFE35104 SageMaker =8 F7| 78 AJ B EE MMELICH 0| AT R E = Braket&
SageMaker LES QIABHAE AL AL X|HELICH 2tO|ZALO|Z CloudFormation 2l&~A 0 T4 S M

2 AWS CloudFormation A& AWS::SageMaker::NotebooklInstanceLifecycleConfigid @M E & X35
AA|Q
= —_—r

BraketNotebookInstanceLifecycleConfig:
Type: "AWS::SageMaker: :NotebookInstancelLifecycleConfig"
Properties:
NotebookInstanceLifecycleConfigName: BraketLifecycleConfig-${AWS: :StackName}
OnStart:
- Content:
Fn::Base64: |
#1/usr/bin/env bash

sudo -u ec2-user -i #EOS

aws s3 cp s3://braketnotebookcdk-prod-i-
notebooklccs3bucketb3089-1cysh30vzj2ju/notebook/braket-notebook-1lcc.zip braket-
notebook-1cc.zip

unzip braket-notebook-lcc.zip

./install.sh

EOS

exit 0

2CH7AH|: AmazonOlM {5t IAM A& M SageMaker

Braket —ES QIAHAE AIS5tes B AEXHE Ti4I5t04 U2 SageMaker =T LICH & &
o X|HElE 7|7|2] E|ZE AF23510{ Braket cE=2 A™SICID 716 E7&LICH CES QIAE
A LHOl M Braketo| A 242 XIS S 2 SageMaker AR LICH = ES A3 AT 2 ALSKHE CHAlst

o
51 xto42
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https://docs.aws.amazon.com/sagemaker/latest/dg/notebook-lifecycle-config.html
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-sagemaker-notebookinstancelifecycleconfig.html
https://docs.aws.amazon.com/sagemaker/latest/dg/sagemaker-roles.html
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ExecutionRole:
Type: "AWS::IAM::Role"
Properties:
RoleName: !Sub AmazonBraketNotebookRole-${AWS::StackName}

AssumeRolePolicyDocument:
"2012-10-17"
Statement:

Version:

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"

2EHAl: Amazondl M 2|5k 1AM 238 M4 SageMaker
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Action:
- "logs:CreatelLogStream"
- "logs:PutLogEvents"
- "logs:CreatelLogGroup"
- "logs:DescribelogStreams"
Resource:
- !Sub "arn:aws:logs:*:${AWS: :AccountId}:log-group:/aws/sagemaker/*"
- Effect: "Allow"
Action:
- braket:*
Resource: "*"

ES O|AE{A AIA

3EHA|: HFALE AL 5104 Amazon SageMaker = ES QIAEA

amazon-braket-
1EHA 1 2Bt A0 M A48 SageMaker =& F7| A EE S} IAM & S A8 310{ SageMaker = E
-E'T CIABIAE MMSHLICH L ES QIAEAE Braketol I AF2 Xt K| E|0H Amazon Braket 242

A835lof M AE £ &LICE O] CloudFormation 2lAA 0| M S40] CHEE XEAMIEH LIS 2 AWS
CloudFormation AFH& AWS::SageMaker::NotebookInstance dHME & T3 &AL,

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

2 2
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https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-sagemaker-notebookinstance.html
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# import the module
import logging
from datetime import datetime

# set filename for logs
log_file = 'device_logs-'+datetime.strftime(datetime.now(), '%Y%m%d%H%M%S')+'.txt'
print('Task info will be logged in:', log_file)

# create new logger object
logger = logging.getlLogger("newLogger")

# configure to log to file device_logs.txt in the appending mode
logger.addHandler(logging.FileHandler(filename=log_file, mode='a'))

# add to file all log messages with level DEBUG or above
logger.setlLevel(logging.DEBUG)

Task info will be logged in: device_logs-20200803203309.txt

# define circuit
circ_log = Circuit().rx(@, 0.15).ry(1, 0.2).rz(2, @.25).h(3).cnot(control=0,
target=2).zz(1, 3, 0.15).x(4)
print(circ_log)
# define backend
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
# define what info to log
logger.info(
device.run(circ_log, s3_location,
poll_timeout_seconds=1200, poll_interval_seconds=0.25, logger=logger,
shots=1000)
.result().measurement_counts
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# print logs
! cat {log_file}

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: start polling for completion
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status CREATED
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status CREATED
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status QUEUED
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status RUNNING
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status RUNNING
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status COMPLETED

Counter({'00001': 493, 'Q0Q11': 493, 'QleQ1l': 5, '1Q@11l1l': 4, 'Q1lQll': 3, '10101':
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# 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

2})

nz2Z
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result = task_load.result()

ki

= 22 253



Amazon Braket TR 7H0|E

OfOIE HiEt3lo| H ot

O| & Amazon Braket2 AISE M S & 2 E%‘% H&st= YWHE olslistE ol ==0| Euch.
B A AHETSEESS

Braket 2| A~AE ELIERSID EE&E 1| =& 0] AWS AMH|A
oot Lct.

AWSO|ME LICt o222 AWS TZHo 2 M Eotof BIZHEt 7|

E SR Hot2 71E 26 AH MzE
ZO| QT AEES SZE5EE F=E Ho|E ME 2 HESRX T ol 7|Ex o] FEIS $ 2 5 l&Lch
CIO|E{Q| RIZIE . 3|AFO| @ AMEH 3 B8 L X2 HIR 3 7| Q10 CHEH 22 2|5tolA
=

HOoF2 AWSTH ALEXIS| 25 MUQULICH 25 MM DEHS2 Ol AIEE St L EEl*E Y E

oto| Hoto = A4adstL|Ct

« ZEIREQ EO- AWSE AWS ZE2IRE0A AWS MH|AE AldlstE QlZEE E58LCH AWS
= LS OHHSHA AFEE = U MHIAE MBS ELICH ME TE| ZAAE H7|Mo 2 AWS #7H
Za 2o Ustoz Hot 12 HAES D Z4E LT Amazon Braketol] M2E|= M &
= ZZ2Moj CHEH LolEe{H A &4 T2 128 H| LI AWS MH|AE EXFHAAIL.

« 2EIRE0|AM2| EOF — O] AWS QIZZl0oiM SARIL|E 2EIX0| CHEH X0{E |XISIE ZW2 AIS
Xtol zielell |t o] 2EIx0lE AF83HE AWS MH|A MH|A Q| EoF A4} 22| 2Fed0| Z & |0
U&LCt.

CiOIEl E&

AWSES S A &

= 2 E AWS 222 2ENE
ARE|= ZHIRE zt2|sHok BfLICH AL 8t= AWS AMH|AQ| 2
A SRAH U& I—lEF HlO|E{ Z2tOo|EH{ Alod| CHEF AFAM|EH LHE 2 Data Privacy FAQ(GHO|E{ Z 20|k
Al FAQ)E & ZstMl2. REC| Clo|H E&0f CHEF AFAMIEH LHE 2 AWS E ot E2 19| AWS Shared
Responsibility Model and GDPR 221 HAIE2 & ZX5HM 2.

Amazon Braket2| G|O|E 2 Zof M&ELICt. O 2& 0] dFst= WMEH AWS
EE Aldisie 22 O|_|.:_E|.E HE & &olo| Q&LICH AF2 A= CIZ 2o =
oF AT 2| Zhedofl CHEt MU

ol

= =00

HIOIE{E E55t2{™ AWS HHEEQCH 015 HEE 253511 AWS IAM Identity CenterE2= AWS
Identity and Access Management(IAM)E S35l 7HE A& AL A ™ E HH5t= W0l E&LICH O[FE A 5t

Hotol CHist S8 MY 254


https://aws.amazon.com/compliance/shared-responsibility-model/
https://aws.amazon.com/compliance/programs/
https://aws.amazon.com/compliance/programs/
https://aws.amazon.com/compliance/services-in-scope/
https://aws.amazon.com/compliance/shared-responsibility-model/
https://aws.amazon.com/compliance/data-privacy-faq
https://aws.amazon.com/blogs/security/the-aws-shared-responsibility-model-and-gdpr/
https://aws.amazon.com/blogs/security/the-aws-shared-responsibility-model-and-gdpr/

Amazon Braket TR 7H0|E

o M AFSRHOIH RHAIS] KRB B A5 olate O WRE MEE LoiEch £ Chgn Ze

YHo= HO|BHE ESst= WOl E&L

Zt Aol HE| HE 215 AE(MFA)E ALEstAIL.

SSL/TLSE AE35t0 AWS 2|42t SAISHML. TLS 1.2 E+0|0{ TLS 1.38 HEELICH

« AWS CloudTrail2 APl & Al EX| &5 228 MHEGHAHI2.
« AWS 253l &£&F M2 AWS MH|A LIS R E 7|2 Eot ZHEET &7 AR SHAMIL2.
« Amazon S30f XMZH=l OIZtet H|0|E{E ZAMstn E5 5= Ol E20| £|= Amazon Macielt 28 11

= HElE 2o MH|AE A SHAIR.

- BHE QUEHL0|A E= APIE S8l AWSOl| HMAE [ FIPS 140-2 Q15 253 ZE0| HR
ot B FIPS A= ZQIEE MEFHAML. A8 7H5E FIPS °"'=£°|'501I CHEr XEMIEH LiE2
FIPS(Federal Information Processing Standard) 140-2& & Z35HM 2.

| 4022 7Y HEL 528 HE = EiILE Name 2EQF 2 Rt &4l ZEof &
o| E&LCH 047|01|E Amazon Braket == 7|E} £ AWS CLI, APl EE= AWS AH|A
d L7t ZEELICH AWS 0|0l AF8El= B £= AR A HAE &

HF Es ZE 2O0 ASE = JA&LCt 2/F Mol URLE M3 &

QHES ASB5H7I| IS A2 2ot 2158 URLM Z & A|7AME= oF ElLICEH

In
il
e
il
_'|_|
rron
Hd
o &I
o
m r
rlr o

[[H HEF A—l H-|01| CHEt

r°l-
o

Glole 2=

9020| X|L}H Amazon Braket2 A} 2} 24El D E X} 2H4 D ! 7|E} HIEIH|O|EE A5 2
2 Mgt o] clolef EZ E&of 2t o248t Zdut Aute S3 o M E MEZ |X|T/H
2l = Amazon Braket 2&0{|A O O|& HMo = ZHAHs £~ oi&L|Ct.

90 OI4 S3 HHZI0 MEHE Th7 YR 5Hed U ZTtofl UNABHOF SHE ZS 52l 1D L sHE o Ol
o 221%l 7|6 HEHHIO|EE ME 2 7|25 F0o{of BLICH 00 0|0l HE S KFHOF BLICH X
3 HEE AHRSH04 T ClOJEIE ZAME & ALt

O|- |._7|._<_ E|.5’-I|o-|| |_'_Ho|- OHA-”A J_l'El

ol M= Amazon Braket2 A&t 7HLE EX AL AL L & o| HMAE MEHeteE o 2
MEFLICH AEo ZE AFEA £ AEof st HEts 2o (E= HE) & = U&Lct 0]
A st2dH Ctg Mo dHE CHE A ™Yol sHE AFS AL == Fgof A3t Amazon Braket 2422 o4
At AL,

mo ©

HlolH E& 255


https://aws.amazon.com/compliance/fips/

Amazon Braket TR 7H0|E

A @F A2 2 Amazon Braket2 i“‘*§P3H0|: 2fLICt BraketE #4=tsttd™ (1) #2|XF #HEHO|
U474L} (2) AmazonBraketFullAccess f 11 Amazon Simple Storage Service (Amazon S3)

O =
HZ/S MAIE HEO| Qi AHS A} EEE OfEE 2 IQIHoF BLICH

AR —

Jul
tﬂ
d|

O AMlM:

. ofo}

=
—

. iE_ET ol o4st
X

« AmazonBraketJobsExecutionPolicy’ &2 H&E

« EY ClHto|Ao0l CHEF AEX AMAE HMBTSHAL

o 2|3 M=Hof CHEt AWS Amazon Braket €O 0| E
=
-

QUAEAA Ol CHEF ALSAH HMAE FMIBHEFLICH

%
« 54 83 HAO CHEr ArS A HMAE AMEFEfLICEH

otorE Hetdl 2las

—r

Braket2 XAl 2] 2[AAEE & 7HK| o] 2[AAE WMELICE O] 2[AA -2l Amazon 2|4
A O|& (ARN) 2 CI21 Z&LIC

« 2|44 O|F: (AH[2AWS: EEHA!
« ARN XAl ARN: $ {THE|M} 220 § (K|} :$ {(AIH) :#HE Ef A2 3/$ {} Randomld

O

e gl oy

HEtA M L ES Elad fEE A8Y = UELICH ES2 Braket0| 37 & + A= Amazon
SageMaker 2|AAQILICH Brakettt &7H LESE AESIE{H 2 Al St= 0§22 IAM HEE K|
M&foF grLICt. AmazonBraketServiceSageMakerNotebook

T ESg S ekt Heto| AL S 22 Qletel YAo| MR E AE S ALSsf{ok &Lich

"Version": "2012-10-17",
"Statement": [

{
"Effect": "Allow",
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"Action": "iam:CreateRole",
"Resource": "arn:aws:iam::*:role/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
.
{

"Effect": "Allow",
"Action": "iam:CreatePolicy",
"Resource": [
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
]
.

{
"Effect": "Allow",

"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*"

]
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"Version": "2012-10-17",
"Statement": [
{
"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject",
"s3:ListBucket",
"s3:CreateBucket",

0
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"s3:PutBucketPublicAccessBlock",
"s3:PutBucketPolicy"
iF

"Resource": "arn:aws:s3:::amazon-braket-*"

"Effect": "Allow",

"Action": [
"s3:ListAl1MyBuckets",
"servicequotas:GetServiceQuota",
"cloudwatch:GetMetricData"

1,

"Resource": "*"

"Effect": "Allow",

"Action": [
"ecr:GetDownloadUrlForLayer",
"ecr:BatchGetImage",
"ecr:BatchChecklLayerAvailability"

1,

"Resource": "arn:aws:ecr:*:*:repository/amazon-braket*"

"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*"
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"Effect": "Allow",
"Action": [
"iam:ListRoles",

iam:ListRolePolicies",

iam:GetRole",
"iam:GetRolePolicy",

jam:ListAttachedRolePolicies"

1,

"Resource": "*"
I
{

"Effect": "Allow",

"Action": [
"sagemaker:ListNotebookInstances"

1,

"Resource": "*"

},
{

"Effect": "Allow",

"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl",
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance",
"sagemaker:UpdateNotebookInstance",
"sagemaker:ListTags",
"sagemaker:AddTags",
"sagemaker:DeleteTags"

1,

"Resource": "arn:aws:sagemaker:*:*:notebook-instance/amazon-braket-*"

},
{

"Effect": "Allow",

"Action": [
"sagemaker:DescribeNotebookInstanceLifecycleConfig",
"sagemaker:CreateNotebookInstancelLifecycleConfig",
"sagemaker:DeleteNotebookInstancelLifecycleConfig",
"sagemaker:ListNotebookInstancelLifecycleConfigs",
"sagemaker:UpdateNotebookInstancelLifecycleConfig"

1,

"Resource": "arn:aws:sagemaker:*:*:notebook-instance-lifecycle-config/

amazon-braket-*"

HA HME AmazonBraketFullAccess =0
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},
{
"Effect": "Allow",
"Action": "braket:*",
"Resource": "*"
I
{
"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*",

"Condition": {

"StringlLike": {

"iam:PassedToService": [
"'sagemaker.amazonaws.com"

"Effect": "Allow",
"Action": [

"iam:PassRole"
1,
"Resource": "arn:aws:iam::*:role/service-role/

AmazonBraketJobsExecutionRole*",

"Condition": {

"StringLike": {

"iam:PassedToService": [
"braket.amazonaws.com"

HA HME AmazonBraketFullAccess !
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}
}
},
{
"Effect": "Allow",
"Action": [
"logs:GetQueryResults"
1,
"Resource": [
"arn:aws:logs:*:*:log-group:*"
]
.
{
"Effect": "Allow",
"Action": [
"logs:PutLogEvents",
"logs:CreatelLogStream",
"logs:CreatelLogGroup"
1,
"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"
},
{
"Effect": "Allow",
"Action": "cloudwatch:PutMetricData",
"Resource": "*",
"Condition": {
"StringEquals": {
"cloudwatch:namespace": "/aws/braket"
}
}
}

AmazonBraketJobsExecutionPolicy& & HE
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« Amazon S3 HHZ!0f| B|O|E A& — H|[&Hoi = S3 A L5t T, 0| 0i amazon-braket-Z A|E
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"Version": "2012-10-17",
"Statement": [

{

"Effect": "Allow",

"Action": [

"s3:GetObject",
"s3:PutObject",
"s3:ListBucket",
"s3:CreateBucket",
"s3:PutBucketPublicAccessBlock",
"s3:PutBucketPolicy"
1,
"Resource": "arn:aws:s3:::amazon-braket-*"
},
{

"Effect": "Allow",

"Action": [
"ecr:GetDownloadUrlForLayer",
"ecr:BatchGetImage",
"ecr:BatchCheckLayerAvailability"

1,

"Resource": "arn:aws:ecr:*:*:repository/amazon-braket*"

.
{

"Effect": "Allow",

"Action": [
"ecr:GetAuthorizationToken"

1,

"Resource": "*"

+
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{
"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": "*"
},
{
"Effect": "Allow",
"Action": [
"iam:PassRole"
1,
"Resource": "arn:aws:iam::*:role/service-role/AmazonBraketJobsExecutionRole*",

"Condition": {

"StringlLike": {
"iam:PassedToService": [
"braket.amazonaws.com"

]

}
}I

{
"Effect": "Allow",

"Action": [

"iam:ListRoles"

1,

"Resource": "arn:aws:iam::*:role/*"
I

{
"Effect": "Allow",

"Action": [
"logs:GetQueryResults"

AmazonBraketJobsExecutionPolicy &2 M &
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1,

"Resource": [
"arn:aws:logs:*:*:log-group:*"

]

3,

{
"Effect": "Allow",

"Action": [
"logs:PutLogEvents",
"logs:CreatelLogStream",
"logs:CreatelLogGroup",
"logs:GetLogEvents",
"logs:DescribelLogStreams",
"logs:StartQuery",
"logs:StopQuery"
1,
"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"
1,
{
"Effect": "Allow",
"Action": "cloudwatch:PutMetricData",
"Resource": "*",
"Condition": {
"StringEquals": {
"cloudwatch:namespace": "/aws/braket"
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"Version": "2012-10-17",
"Statement": [

{

"Effect": "Deny",

"Action": [
"braket:CreateQuantumTask",
"braket:CreateJob",
"braket:GetDevice"

1,

"Resource": [

"arn:aws:braket:*:*:device/qpu/*"

]

ACE £%5IE{H O om0l EAIE EXrYE XHE & %|Q] Amazon 2lAA B3 (ARN) 2 Cf

Aot A2, O] EXtE 2 ElaA 2fE MSELICH Braketol| A ClHtO[AE EAF 2 S At 2laH
ZEY 5 A= QPU E= AIZHOIEHE LIEHHLICH A8 7HS8F ClHO[A = C[HHO|A TO|X|of Lt
Tlof RU&LICH olgdgh Fxlof CHEh HMAE XIHet= Ol AEElE F 7FK[ A7[0H7t AU &LICH

* arn:aws:braket:<region>:<account id>:device/qpu/<provider>/<device_id>

* arn:aws:braket:<region>:<account id>:device/quantum-simulator/<provider>/
<device_id>

CtE2 ChEsl R82| 7(7] M| Aof CHEt of| A|LICH
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E QPUE MEH5E2{™: arn:aws:braket:*:*:device/qpu/*

« us-west-2 X[ MTF 2 E QPUE ME45tE{™: arn:aws:braket:us-
west-2:123456789012:device/qpu/*

« OREFIEXIE, us-west-2 X|Q2| EE QPUE MEstE R OFRHZHR|LICH (ElHIO|AE 1 E|lAaA
7t ofL|2t MH|A BIAAO|ZR). arn:aws:braket:us-west-2:* :device/qpu/*

- B E 2C|ME A[ZE0lE EFxlof CHEF AMAE H|EHstedH:
arn:aws:braket:* :123456789012:device/quantum-simulator/*
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« us-east-1 X|292| lonQ Harmony

Yxlofl CHEF HAMA

east-1:123456789012:device/iong/Harmony

- E™ ZZXS| 7171 (od: 71|71) off CHE HAMIA
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arn:aws:braket:*
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"Version": "2012-10-17",
"Statement": [
{
"Effect": "Deny",
"Action": [
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
"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}"

]

"Effect": "Deny",
"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl"

1,

"NotResource": [
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"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-

${aws:username}*"

]

[

£ S3 3ol St AR HMAE AsHErLICH

S AFS RO HAIAE S Amazon S3 HZIO R RIFHSI2IH S o8, AFSX EE T80 HE
MRS F748 £ UsLICH

CIS oAM= AN E AMstD 54 S3 HZ! (arn:aws:s3:: :amazon-braket-us-
east-1-123456789012-Alice) Ol HHX|E &= U= Wt AMEHst D sHE 2o S| MEtEL
Ct.

"Version": "2012-10-17",
"Statement": [
{
"Effect": "Deny",
"Action": [
"s3:ListBucket"
1,

"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice"
]
.

{
"Effect": "Deny",

"Action": [
"s3:GetObject"
1,

"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice/*"
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Amazon BraketO| M%&5t= MH[A 244 482 AWS Identity and Access Management (IAM) A{H|A
A4 24 7|52 UEAULICH AMH|A 4 AE S AWS AMH|A X|§5HE 7|EF AMH|A0f CHEF XEAIE
LHEge IAMIL &7 B S5HE AWS AMHIAES AR5t AMH|A @172 €E HollM Yes7t EAIE AMH|A
E FotE AR, T MH|A0f CHEF MH[A 42 A HBME EHidH™ odl(Yes) I E MEILICH

[0 |>

Amazon Braket0l CHEF MH|A @43 & FEt

Amazon Braket2 braket.amazonaws.com ®IE|E|E &IE|5t= AWSServiceRoleForAmazonBraket

MH|A HE AE S AL8sto] HEg 2 +HELich

IAM ZHH (Of: 18 T oF) 7 MulA HZ HES MY, B TE AN 4 UTS HEe 7
oF BHLICH REAMIEH LIS 2 MHlA 7 48 HErg BEsHAlR

Amazon Braket2| MH|A 214 A& o= 7|2XMo 2 CFS TEHo| Fo{F L.

« Amazon S3 — A& o| H{Z!8 L35t 1, Amazon-braket-2 A|ZHSHE O|1E Q| HAE L 2E H{Zlof|

AE E1 sliiE HAM AAME 7txE = U= HEL

AWSServiceRoleForAmazonBraket AMH|A 9473 eistoi= ClS HAHo| HEELICH

{"Version": "2012-10-17",
"Statement": [
{"Effect": "Allow",
"Action": [
"s3:GetObject",
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https://docs.aws.amazon.com/IAM/latest/UserGuide/id_roles_terms-and-concepts.html#iam-term-service-linked-role
https://docs.aws.amazon.com/IAM/latest/UserGuide/id_roles_terms-and-concepts.html#iam-term-service-linked-role
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
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"s3:PutObject",
"s3:ListBucket"
1,
"Resource": "arn:aws:s3:::amazon-braket*"
},
{"Effect": "Allow",

"Action": [
"logs:Describe*",
"logs:Get*",
"logs:List*",
"logs:StartQuery",
"logs:StopQuery",
"logs:TestMetricFilter",

"logs:FilterLogEvents"
1,
"Resource": "arn:aws:logs:*:*:log-group:/aws/braket/*"
},
{"Effect": "Allow",
"Action": "braket:*",
"Resource": "*"
},
{"Effect": "Allow",
"Action": "iam:CreateServicelLinkedRole",
"Resource": "arn:aws:iam::*:role/aws-service-role/braket.amazonaws.com/
AWSServiceRoleForAmazonBraket*",
"Condition": {{"StringEquals": {"iam:AWSServiceName": "braket.amazonaws.com"
}
}
}
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https://aws.amazon.com/about-aws/global-infrastructure/
https://aws.amazon.com/compliance/services-in-scope/
https://aws.amazon.com/compliance/
https://docs.aws.amazon.com/artifact/latest/ug/downloading-documents.html
https://docs.aws.amazon.com/artifact/latest/ug/downloading-documents.html
https://aws.amazon.com/quickstart/?awsf.quickstart-homepage-filter=categories%23security-identity-compliance
https://aws.amazon.com/compliance/resources/
https://d0.awsstatic.com/whitepapers/Security/AWS_Security_Whitepaper.pdf
https://d0.awsstatic.com/whitepapers/Security/AWS_Security_Whitepaper.pdf
https://docs.aws.amazon.com/STS/latest/APIReference/Welcome.html
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Amazon Braket 5tES|0{ 22 X2 £ ¢t

Amazon Braket2| QPU= EFA} tEQ01 22 XF7F S AEISHLICH QPUOIAM X} ZHode AlsHstm
Amazon Braket2 X E2I& I3l XI'HE QPUR 3|28 2 [l DevicEarnS AHXIZ AMSEHLICEH

EtAL St=R|0] MBS UA & & RollM 2Gst= LA AFE st=20{0 HAM|A5H= Ol Amazon
Braket2 AtEst= 32 2|22 &3 |O|EE sliY S2X7F 28ste Ald QIR 2| st=9o] S2Xt
off olaf MElELIctAWS. 22X 2[R0l CHEF HEAWSZE QPUE A8 E + e XI¥2 T &

S
2 4+ UsLIchEx ME HEolOhE 23t 229 e

Zexs oWstELICH 312 25t O LR THXY M3KIH HSELCLAWS ARKEE S
HM3RFOH Al M EIX| o &LiTt

HolEe M&E M& Soi dSsHELICH Hlo|E s X2l Mo 20t 55 5HE/LICH. Amazon Braket Ef
M BZAE 32 M2| 0|22 SXMoZ EHXE KT SIHLE AF2E £+ Qi&aLICt 3|27t 225 H 4
1t 7F Amazon Braket@ 2 HHetE| 11 S3 H{Zlof| A& EIL|Ct.

==t
=

Moz HALE AAlstod HIESITZ Eof, A

SHES ,
M| Ao, Tl OfE _‘?'__?_ A =EH 2 EES %-’—.“-ﬂEXI S QIgrLCH.

OtOtE EZIZIE ototE VPC AlEXQIE

CIE{mOo|A VPC AEZQIEE MAE04 VPC2F Amazon Braket Z+0il Z 208! 448 MAE £+ Q&
LICt CIE{mo|A AEXZQIE = QI 71|0|E%’—4|OIAWS PrivateLink, NAT & x|, VPN 44 t= o4

O
20| Braket API0{| HM|AE 4= QlH| HF I’*oI 7|22 T SELICE AWS Direct Connect VPC2|
OIAEM“ Braket API2} S Al5t= O u—|='E| A7 TSR] ok& L
Zt QIE{H|O|A AIEZQIE= MELI0|M Lt O|&f o] B2 HE Q|3 QIE W 0|AR EFEELICH
£ A& 35t PrivateLink VPC2} Braket Zt2| EEHE0| Amazon W E I E [HLIX| o2 2 O|0|E
7t HER QIEHAN E£5= /2 £0|22 EctRE 7|8t ofZ2[AH 0|MI SRetE CIOIEHS &
oto| ZaHEILICH XFMIE LIE 2 Amazon VPC A8 HEAMO| QIE{H|0|A VPC IEZQIE (AWS

PrivateLink) & & ZX3H&AIL.
Amazon Braket VPC 2 Eof CHst 2q AbE

Braket& QIE{H|O|A VPC HEZQIEE MEI57| Mol Amazon VPC AF2 MEMO| QIE{H|0|A Q=
ZOIE &M 9l xfgt2 HESHO |= ghLick.
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https://aws.amazon.com/privatelink
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/using-eni.html
https://docs.aws.amazon.com/vpc/latest/userguide/vpce-interface.html
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Braket2 VPCOM 2 & API 2 ol gt E&ES x| ELICEH

\d

IEM2o 2 VPC A= ZQIEE Sl Braketoll CHEH T™A| AMA 7 S1SELICH VPC AEZQIE HAY
XGetH HMAE MoiE = A&LICH REMIEH HEE Amazon VPC AHE M A{Q| VPC A= Z 9!
£ Sall MH[20f CHEF AMA Ko MME FZSFMR.

Im o

|
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222 M3 PrivateLink

AWS PrivateLinkAmazonBraketZt &7 At&5t2{2 Amazon VPC (7H& At 22IRE) AIEXQIEE
QIE{m|O|A R AAdBt C}2 Braket AMH|AE £38 Amazon A= Z QIEof edZsH oF gHL|Ct. API

O| ZZAMAQ| YUutrQl BHA|= Ct2 ot Z&LICt o|of CHaHAME o|F MMo|AM REMIS| M ELICE
Amazon VPCE 75t Al&sto] E|IAAE SARIELICH AWS VPCY} OlO| e Aol= ol B
HE HAHE £ U&Lich
. HEIZI of0tE VPC QIE ZQIE AN

2

1EHA|: 28 L Amazon VPC A&t
AHZof o|0| VPC7t 28 ¢l AR O] BHAHIE AS|o{E Elcte HE 7|d5HMI2.

VPCE IP F4 89l MEUY, 2128 El0lg, HESIT HolE9 0/t Ze HEIA 4B HMois
c. 712802 AH8AL X|& 7H4 LIEYT ol M AWS ElAAE AlEsts QLT VPCO! CHEH RHA
gt LH&2 Amazon VPC AtE MBEME FZEsSIME.

Amazon VPC 2£2 a1 Mgyl Bot O&, HESL3T HOIESO|I7F U= M VPCE M/EELICt

2CHA|: HEtEI OIE{H|0|A VPC AEZQIE A

Amazon VPC 2& E&= () & AL&3104 Braket MH|A0] CiEt VPC RIEZQIE &l .
AWS Command Line Interface AWS CLI AtA|EF LI & Amazon VPC AFHE MM Q| QIE{H|0|A =

FL0|M VPC AIEZQIEE MAMEE{M Amazon VPC 222 €1 A= ZQIE HO|X|E U1 Af ¢
CIEQIE MME TIHSIMAIL. LIS HZE = U E A=xQlE IDE 7|S5H SLICH APIBraket
off EM ™M3tE Z M —endpoint-url Eci39 YR Z o FHL|CH

CHS MH|A O|E2 AF2510 Braketl| VPC IE X QIEE AAdstL|C}.
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https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/vpc/latest/userguide/vpc-endpoints-access.html
https://docs.aws.amazon.com/vpc/latest/userguide/vpc-endpoints-access.html
https://docs.aws.amazon.com/vpc/latest/userguide
https://aws.amazon.com/vpc/
https://docs.aws.amazon.com/vpc/latest/userguide/vpce-interface.html#create-interface-endpoint
https://docs.aws.amazon.com/vpc/latest/userguide/vpce-interface.html#create-interface-endpoint
https://aws.amazon.com/vpc/
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* com.amazonaws.substitute_your_region.braket

2o A=z QlEo| Z2to|H! DNSE &445tstH alE X|24o| 7|2 DNS O|E (0d:) 2 AFE 35104 Braket

EQ X
o API ™2 B &= QI&LICH braket.us-east-1.amazonaws.com

KM LI S Amazon VPC AF2 MM o] QIE{H|0|A AIEZQIEE E5)| AHH|A HA A MMS %
ASHMI2.
3CtA: A= ZOIEE S5l Braket HEH EfATIE 145D AHSHM LS

% CIS o2t 20| endpoint-url Tt2tO|E{7} ZEHE CLI BYES A5l
FQIE|H|O|& AEZQIEE X|HE = U&LICH

aws braket search-quantum-tasks --endpoint-url
VPC_Endpoint_ID.braket.substituteYourRegionHere.vpce.amazonaws.com

VPC AEZQIEO| Z2I0|H! DNS SAE O|EE &35t 49 CLI HHOM A=EZQIEE URLE
XHe 2ot giaLct ci4l CLI?F Amazon EHEF! SDK7tE 7|28 o 2 AIg35tE EE3! APIDNS &
AE O|E0|VPC AEEZOIER EOQIEILICI O ofAMofl ZAIE A2 Ch20F Z&LCt

https://braket.substituteYourRegionHere.amazonaws.com

AN=ZQIEE A8 3510 AWS PrivateLink Amazon VPCH|A Amazon SageMaker ‘= ES 01| Z|7 A Al
¢°._FEP: =23 HAAIZM= Braket ES T A Amazon IEZQIEE M350 cESo0| o™
5t H SageMaker 2125t= &2 0| of| A7} LI2F U&LICH

223 AAEQ BAHE =21 QrtH SageMakerAmazon2 Amazon BraketO|2HE OIS 2 Z CHA]
Ste A2 LAX| otA A2, T X|240| us-east-10] Ofl B AMH|A AWS 2| O|& 0 sHE EAH 0]
ZHI2 0|E &2 com.amazonaws.us-east-1.braket 235t 7L} CHA|SHAAI2.

A= ZOIE AMAo| CHEH AEA|S| LotE 7|

- ZZl0|8! MEHI0| = VPCE Tt o] CHS AFA|IEH LI 2 Z 20|85 MEUI0| s VPC M
Mg BXFAAIL.
« Amazon VPC 24 = AWS CLIE A28t A= Z0lE MM Ol LMo CHEt XtAM|IEH LIRS

=
Amazon VPC At& BB M| CIE{H[O[A AEZQIE HEE HASHAIL.

« E Al835t04 AWS CloudFormation IEXZQIEE MAMST L= o CHEr REAISH LIS 2 At
2 MEA 9| AWS: :EC2: :VPCENndPoint 2|AAE & Z5HAA|2. AWS CloudFormation

A= ZOIE AAdof CHal RHAMIS| LotE 7| 275


https://docs.aws.amazon.com/vpc/latest/userguide/vpce-interface.html#access-service-though-endpoint
https://aws.amazon.com/blogs/machine-learning/securing-all-amazon-sagemaker-api-calls-with-aws-privatelink/
https://aws.amazon.com/blogs/machine-learning/securing-all-amazon-sagemaker-api-calls-with-aws-privatelink/
https://docs.aws.amazon.com/batch/latest/userguide/create-public-private-vpc.html
https://docs.aws.amazon.com/vpc/latest/userguide/vpce-interface.html#create-interface-endpoint
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-ec2-vpcendpoint.html
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Amazon VPC QIE ZQIE HME & MAlA A o]

AmazonBraket0l| CH3t 42 HA|AE K[045t2474 Amazon VPC A= Z IE0f AWS Identity and
Access Management (IAM) QIEZQIE HAMZ 148 = &LICH o] WA Ctg HEE XIHEL
Ct.

o B2 S™E = e BHot T (M8X £ E

- Y = Us FHY

- AUs Y £+ As Al

KEMIEH HE = Amazon VPC AHR A MOl VPC YIE ZQIEE S5 AMH|A0] CHEF MM A Ko MM

of: E13124 Aol ChE VPC A= Z Ol FAY

CHS o= Brakete| A= ZQIE HAMS HoiFLICH =X QIE0] 214
ol RE Hot ol CHall LIS El Braket ZF 4ol CHEH HAM|A HetS FogfLich

{
"Statement": [
{
"Principal":"*",
"Effect":"Allow",
"Action":[
“braket:action-1",
“braket:action-2",
“braket:action-3”"
1,

"Resource":"*"
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» Step Functions0ll CH8F Amazon Virtual Private 22t E IEZQIE F=H
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https://docs.aws.amazon.com/vpc/latest/userguide/vpc-endpoints-access.html
https://docs.aws.amazon.com/step-functions/latest/dg/vpc-iam.html
https://docs.aws.amazon.com/step-functions/latest/dg/concept-create-iam-advanced.html
https://docs.aws.amazon.com/vpc/latest/userguide/vpc-endpoints-access.html

Amazon Braket TR 7H0|E

ol MMo| B 52 HEQ £2F M2 ALE5H Amazon Braket 221 2X|E sHZ5t= ol =30| Eu
Ct.
Of M d:

» AccessDeniedException

p
Q
M
_O'I_l
rir
Off
ro
o
el
d
;
a
>
r
ful
2
o
3
o
2
)
>
X
(@]
D
il
5
<
o
()
)
(0]
)
[
Q
=1
[
3
_|
Q
w
3

J
I
(Mo

w
g
~

o
bl
30 |ofn
Q'I_l
A
el
>
-
o

o
Im |lo
[

o |
=]
M |
i
m

o (my |ofr |fok
h ro

« OpenQASM & 1| Z

AccessDeniedException

Braket2 & 433} 5l 7Lt AL & AccessDeniedExceptionlll] & 22 gro ™ X|sHEl A ghof| HAM|AE £
R X|40f| M Braket2 43t EE= AHS5tE{D A8 AU = JU&LICH

Olz{8t B LiE AWS #E|Rtof| A E2l5to Ot = & o{™ Zd0| M E[=X| =lstoF &Lct.

o AE ANES R QsH X|of AMAE = gl B

- A3t Yol HEE Braket2 AFSE + &Lct

BraketS AFEE M HEof X|HE X[Foi Cieh AAM|A Heto] gl B2 aiE X[ HRIE ASE

= & Lot

AUE ZESIe s LRI WM& LICH (ValidationException).
CreateQuantumTask
CtS3t H|8t L7 LMlstE 3: 7|& s3 folderE& & X8t An error occurred

(ValidationException) when calling the CreateQuantumTask operation: Caller
doesn’t have access to amazon-braket-.. UEX| &I AA|2. Braket2 M Amazon S3
HAD HFALE AFS 22 M 5HK| et& Lt

AccessDeniedException 277
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off API 2] HA[AStO] CtE HIRe 277t dlst= B2 Amazon S3 HZ! Z20i Z& k(o] X
K| &f2X| Failed to create quantum task: Caller doesn’t have access to s3://
MY_BUCKET & RISt AIR.s3://

SDK 7|s0| 3 S3tX| ef&L|Ct

Python HF& 3.9 0|4t0|o{of B LICt otOtE =EEtad 5t0|=22|= &Q{o| 4L, Python 3.102 A&t
L|Ct.

SDKS A 7|0t} SHE K| & QI5HA AL, up-to-date .wES EE = Python TE!7|0{ A SDKE 0| E 3t

pip install amazon-braket-sdk --upgrade --upgrade-strategy eager
A7|0HE YOlo|Este{™ Chg BHOE A~ LICH
pip install amazon-braket-schemas --upgrade

XA 22H0|1E 0d A Amazon Braketol] HAM|ASH=E F<R, AWS X|210| Amazon Braketo| M X|&5t=

Koz dYT|of UK EFRltMAIR,

CtEut 242 O|RE oto|EHE(E 20| AuigLCt.
ServiceQuotaExceededException

Amazon Braket AISHI0/EIS CHA O 2 YAt 5QI2 A#sts 3t0|22|S T2 Ch AIBH(0/E C
HHOIAO| S Al YR B BT 8 ZToHE B MAEIX| o8 4 UBLICH MIA Lol het RHA
B LIS S BT FHE AESANL

£ AZd0lE x|of CHEt SAl| FAF 2] =& & Q52 ChE ZE ofA|et 20| & ALE st Al
2. search-quantum-tasks API

DEVICE_ARN=arn:aws:braket:::device/quantum-simulator/amazon/svl
task_list=""
for status_value in "CREATED" "QUEUED"™ "RUNNING" "CANCELLING"; do
tasks=$(aws braket search-quantum-tasks --filters
name=status, operator=EQUAL,values=${status_value}

SDK 7|s0| & &5tX| f&Lct. 278


https://docs.aws.amazon.com/braket/latest/developerguide/braket-regions.html
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name=deviceArn,operator=EQUAL,values=$DEVICE_ARN --max-results 100 --query
"quantumTasks[*].quantumTaskArn' --output text)
task_list="$task_list $tasks"
done;
echo "$task_list" | tr -s ' \t' '[\n*]' | sort | uniq
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EX QIAEA 230 CHEF ServiceQuotaExceeded 02| E EFX|OF AFRE £ QlE QIAEATI SEG

K| ote 2L 24 9| Service Quotas H|O|X|H M Bt S7IE &6t MH|A0|A Amazon Braket2

HAusE 4= Q& LICH AWS AWS

(® Note

Sto|lEE|E ZHo M SHEE ML AFE I E T2 H|XMHE £~ Qi R CIE X|UE A8
SHAA|Q. EEEF EHIO|20] QIARATE EAIE|X| ofo™ 510|EE|E AU ME ST QUAEA
E A8 + giaLct

2ot gEE WS

« Amazon Braket ZHE EfA 3 HMH2 37|71 SMBE A|EHELICT
- SVIDM1, & Rigetti C|HIO|A M| S El= 2 =[CH 4F == 100,0007H LI Ct.
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o MGt SR E|= ZICH 4F == TN1 100074 L|C}.
[m]

o
+ lonQ2| Aria-1 &! Aria-2 & x|2| 82 ’5. .='.“:F Z|CH 5,000% 2] 4F0| 7tsELICH lonQe| StE2 L] & &2
X m]

= Z|CH 4F =5 100074 L|C}.
C|

A
« TN1 ElJ QPU ¥ 7'<|—°—| B2 HUE ¥+ OEEP 710k grLct.

OpenQASM &A| a4

O MM M= OpenQASM 3.02 AIEE M 277 e M RS = U= =X HZE xEHS ASE
L|C}.
Of MM
- BHE X R
« H|91% 27 qubits
« 2213 qubits L7t 7t qubits LF =
- St ZE2JM 2 8 Y & EH qubits 2LF
« ZeiAl 2 qubit BIRIAE Mg =0 2 F
o MR otol Zeiant @FIICH F0{MQl 77t ErAigrLct
o F0{M &%k HOIEI[E AHOIE 5FE 2F
o HHIE| 2tA =2 22X 2 F qubits
« £0{MQl Zgf0o}oi “braket” 2 F 7 QA& LIC}.
o AZ2 QM £ qubits Q& LICH @
=

« 5 qubitsqubit HO|EQ| EE|MOE HAAL|X| tYELICH 2F
+ GetDevice OpenQASM ZA1t @ F & BHetsHX| & LICEH
- 24 AZ20IEH X|H E1

HUE T OF
Braketoll= 41X OpenQASM Z 2 120f| & & EZ& #|0|E 2lol2e{2| It o| Q& LICH o & S0,

S dlAoME T 277 e ligh Lot

OPENQASM 3;
include "standardlib.inc";

OpenQASM =X 524 305
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Ol ZEE 27 HAIXKIE MMELICH No terminal matches '"' in the current parser
context, at line 2 col 17.

H|®1% 27/ qubits

7Zls0lM 2 MEEl qubits & x|l A HIQI% MOl requiresContiguousQubitIndices

FX| tru
SN P St @ F 7| whAigtLICt

0>'| 02
>

AZclole & oM A 2 S A™lE M CHE Z2330| lonQ 27 E EC[HELICH

OPENQASM 3;
qubit[4] q;
h q[@];

cnot ql[e], q[2];
cnot q[@], q[3];

Ol ZEE 2F HAIXKIE MMELICI Device requires contiguous qubits. Qubit
register q has unused qubits q[1], q[4].

E 2™ qubits 2F 2} 7H4 qubits 2LF 28

S st =2 230l M 22159l qubits qubits 2T 7HA S EFSHE WS SIS EIX| ol 2R WA
FLICH OHE IEE OFE MABLIC

OPENQASM 3;

qubit[2] q;
cnot q[0], $1;

O| ZAEE 2F HAIXKIE MMELIC [1ine 4] mixes physical qubits and qubits

registers.

St zz2 oM A 8 23 L EX qubits 2F

H|<& @3 qubits 306
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qubit[2] q;
h q[@];
cnot q[@], ql[1];

measure q;

#pragma braket result expectation x(q[0]) @ z(q[1])

Ol ZEE 27F HAIXIE MMELICE Qubits should not be explicitly measured when
result types are requested.

Zoi A & qubit S X|AE B 210 2F
2244 BIXIAE] stLbeh qubit BHIXIAE] SHLIEH S8 ELICH g ZEE 2R E MM LICH
OPENQASM 3;

qubit[2] qO0;
qubit[2] q1;

Ol ZEE 27F HAIXIE MMELICE [1ine 4] cannot declare a qubit register. Only

1 qubit register is supported.

X ool Zeiaor F7 I I Fo{Hel @7 I7F e dEL|Ct

D E &%t groll= Hof Zejaaotst ok BLICE CHE 2 E= QFE HMELICH
box{
x(0.5) $0;
}
Ol ZEE 2F HAIXKIE MMELICH In verbatim boxes, native gates are required. x

is not a device native gate.
F0{X &kt H[O|E|E HO|E & 2F

Verbatim & X}0i= HIO|E|E H[O|ELQt 22| HO|E 7} Qlo{ofF ELICH qubits CHE == L|OIE[E

HOIE 27 & dEFLICH

#pragma braket verbatim

oA 2 qubit HIRIAE ME =0t 2F 307
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box{
x $0;
}

O| ZAEE= 2F HAIXIE HMELICH In verbatim boxes, native gates are required. x
is not a device native gate.

HHHIE! BF A =2 22|X @ & qubits

F0{M dxtollz S 21Xl 220 Lo{ok LICE qubits CHE ZE= F2El 2 2|3 qubits L7 E 4

qubit[2] q;

#pragma braket verbatim
box{

rx(0.1) ql[o];

}

o

A= 2F MHAIXKIE MEELICH Physical qubits are required in verbatim box.

¥

0{%{Ql Z 27 0}od| “braket” 2F 7} Qi&LICH
Zo0{ Zgfaotol ‘2t e ZEslor BLICH CHS I EE QRS MABHLCH

#pragma braket verbatim // Correct
#pragma verbatim // wrong

0| AEE F HIAIXIE MMELICE You must include “braket” in the verbatim

AT e QIHAS £ qubits HALICH

EHEFE! g A =2 22|13 27 qubits v
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olZEE @FE MMELICE [1ine 4] single qubit cannot be indexed.
&tX|2F CH2 1 ZH0| EFY qubit HIES QI= Mg &~ Qla L,
OPENQASM 3;

qubit[1] q;
h q[0o]; // This is valid

= qubitsqubit HIO|EQ| EE|MO 2 HAZAEL|X| AY&LICH 2F

= 2|% qubits ¥ XIE AE5IEdH HX Y XIE 2 2l5to] 22X qubits HXIE AHESI=X| & let
device.properties.action[DeviceActionType.OPENQASM].supportPhysicalQubits
Ct= device.properties.paradigm.connectivity.connectivityGraph £= & EH45}04
18 O = E & QlgfLCtdevice. properties.paradigm.connectivity.fullyConnected.

OPENQASM 3;
cnot $0, $14;
O| ZEE= 2F HAIXIE MMELICH [1ine 3] has disconnected qubits @ and 14

GetDevice OpenQASM Z1t @ 7 & HtetstX| ef &L Ct

Braket SDKE AFE & [ GetDevice S
AWS EXECUTION_ENV &t HdE
Java SDKO{AM O] 2tdg +=&st= &

EHoll OpenQASM A7 E AL &
M75t0] AFE XL 00| EE

O
H2 ot2l MSE ZE tXE FZSHAAIL.

MEE W AEXt HO|MEE T45HE S AWS_EXECUTION_ENV B3 H+& MYstEH: 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]

Boto3E AI2E [ A2 A O|O|MEE M5 E = AWS EXECUTION_ENV & 74 B2 M3 6te{H:

import boto3
import botocore

T qubitsqubit H|0IE S| EE|1M oz HAAE|X| iA&LICH 2LF 309
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boto3.client("braket",
config=botocore.client.Config(user_agent_extra="BraketSchemas/1.8.0"))

client

/(SDK v2) E ArEE [ ALZ X} O O|MEE F 4t =S AWS_EXECUTION_ENV &3 H8 M5t
2424: JavaScript TypeScript

import Braket from 'aws-sdk/clients/braket’;
const client = new Braket({ region: 'us-west-2', credentials: AWS_CREDENTIALS,
customUserAgent: 'BraketSchemas/1.8.0' 1});

/(SDK v3) & ALEE [ At8Xt o O|MEE F 45t == AWS_EXECUTION_ENV &% 8 MH35t
24™: JavaScript TypeScript

import { Braket } from 'eaws-sdk/client-braket';
const client = new Braket({ region: 'us-west-2', credentials: AWS_CREDENTIALS,
customUserAgent: 'BraketSchemas/1.8.0' });

Go SDKE A # [ AL X} of 0| MEE 7445t =2 AWS_EXECUTION_ENV £ #48 M3sted
™.

os.Setenv("AWS_EXECUTION_ENV", "BraketGo BraketSchemas/1.8.0")
mySession := session.Must(session.NewSession())
svc := braket.New(mySession)

Java SDKE ALEE [ ALt OO|MEE F 45 =S AWS_EXECUTION_ENV 24
B4H:

i
x
>
.

ol

ClientConfiguration config = new ClientConfiguration();
config.setUserAgentSuffix("BraketSchemas/1.8.0");

BraketClient braketClient =
BraketClientBuilder.standard().withClientConfiguration(config).build();

Z2Z AZdlo|e X[ d11
QPU EE&= 2C|MHE AZE|0IE{HHE AFBE £+ 1= OpenQASME| 11 & 7|5€ LocalSimulator
K|dgtLch Z2a4oi CHS ofle ZHo] ol 2t sHE 5t o] 7|S 0| Z & Elo] Qe B B HIAIX|7}

EA=ELIC}. LocalSimulator

gasm_string = """
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qubit[2] q;

h qle];
ctrl @ x q[0], q[1];

gasm_program = Program(source=qasm_string)

Ol == CES 42 B0 E MMELICH ol Z2 a2 of| MEF X[ El= OpenQASM 2104 7|——
A& ELICE. LocalSimulator Ol 718 & Y5 = QPU = 2C|HE AIZ8 OB R|HE| K| 8F
£ £ U&Lch

T AAH

K| #HE|= OpenQASM Z|s0i EHEr RHMIEH LIS 2 071§ EEIstMAI2.
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Amazon Braket2 ¢«
API, SDK & HHZE Q|

« OfotE E2t3! mto|iM SDK (HE)
« OfOtE HEtI APl B HHA

*+ 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 £ E 2| GitHub EZ|ZX|EZ|0MH ZE XNE S =5 U&LICH

. HejZl EE2|Y 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
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F M O|=
C}2 E o= 0|8 Amazon Braket 22| A 0] CHet AEM7F MEE|0] Q& L|Ct.

o APIE{Z: 2022'4 42 282!
« E|AAPI BHHA AO|0|E: 2023'H 97 252
E

MHEM AO|0|E: 2024'A 58 222

r

ﬁ
=

A ALE A =Rt
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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-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
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