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EC2Instance: L )EEﬁ
Type: AWS::EC2::Instance

Properties: & Y, /7

KeyName: Ref KeyName

InstanceType: m5.large \
SecurityGroups:

- IRef Ec2SecurityGroup

BlockDeviceMappings:

) Amazon S3

EC2 ec2 |

om==rn o i
BFUY—-IANE#hitcE Scaling —)
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DeviceName: /dev/sdc
VirtualName: ephemeral0
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Intel Xeon processor AMD EPYC processor*  AWS Graviton Processor NVIDIA GPU Xilinx FPGA
(x86_64 arch) (x86_64 arch) (64-bit Arm arch)
P3ARIVA F1ARAIA
M6i 1 2RIV AR C5a A >AIIR C6q A RIVR V100 GPU #&5&; Virtex UltraScale+
Ice Lake EPYC Rome 64bit Arm Neoverse N1/R—X P4d A1 2 RAH>VR VUOP 188,
BAREI7 3.5 GHz B®) X 3.3 GHz EF& Graviton2 CPU 5# A100 GPU #&#
M5zn 1 > RI >R G4 A ARIR
Cascade Lake T4 GPU &5
BALI7 4.5 GHz ERE) aws

3% 583tH48 AMD EPYC Processor (CDWTHET7F I > AiEH Ny >
https://aws.amazon.com/blogs/apn/aws-to-offer-third-generation-amd-epyc-based-amazon-ec2-instances/
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AWS ParallelCluster D4
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Slurm / SGE / Torque *(CX/its : S3TAT Y15 mosoomooy
' SGE/Torque/Slurm; Auto-Scal : :
: AULOITY RIMETOS IR gl o H Compute. |
«  MPI/NCCL |iENH Y b7v T EHT. 3 <ICHIA 1 Scleout/sclein, L_I
E_l-ﬁg ! | NFS mount i r‘
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AWS ParallelCluster DFIHA X —=

F9 (FBEDDPCEIC ParallelCluster VI MO T 7% A > A =)L
config J 71 )L%ZECih L. pcluster create N> REEITIDZET.
3T AICIG U T Auto-Scale 930S X ARBEHNEEN (C/ERETND

I_ ______________________________________ 1
aq ; Cluster :
1
& ............................................................ > E_i:) ______________ > ;
. 23R | BB oo To '
Users AWS CloudF i : Master | (Slurm/SGE/Torque) Auto-Scale | |
oudrormation : o Compute : :
- - EA, » | 11
$ pcluster create <NAME> L . Scale-Out / Scale-in; -
: AT e 1 Ll
config I7 Il | | NFS mount - -
e ! —/ /home : ']
aws 1
aws_region_name = ap-northeast-1 : /shared e ____] :
1 1
[cluster slurmi] : /shared !
master_instance_type = c5.large |______________________________________,'
compute_instance_type = c5.4xlarge

max_queue_size = 10
initial_queue_size = @
scheduler = slurm

cluster_type = spot aWS
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moderna: High throughput production of mRNA

moderna TIEHRALBERBETYH U HA—XIC KB M=
BITEGUIDY I b TFIZESAFEDEHNNZ L. —BHIZERTE S84
BRI

moderna

Sanger sequencing analysis

X

Dave Johnson, PhD - Sr. Director, Informatics

. v= aWS
https://www.youtube.com/watch?v=cxu2cD5FBcqg >



https://www.youtube.com/watch?v=cxu2cD5FBcg

moderna: High Throughput production of mRNA

TR MmO ol E CEHETITSIT—Y 0 —%1EE

- Sequencing Vendor [Z S3 ADEZFAHERFIRET—42HAT7vTO—FEh
5EBET queue ITRASHN., RT7—F JIILEIRIETANE

« 1BEHYH4004DEFHAAEEIZAEY . M ORELZ IR FEREBEDMRLEFER

Automated data processing Sanger analysis by the numbers

In the last 4 years:
» 200k+ analyses
*  With 2M+ reads
e 2+ FTEs saved
* Improved quality

Compute cost: $100

Analyses per Day

https://www.youtube.com/watch?v=cxu2cD5FBcqg adWws
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Harvard Medical School T® Ultra Large Virtual Screenings
1M RBICERALIGBRAEG XT3 L—Y 30 FEELEZLD,
TEEMISWTHELEZELTEHLZEDEETEH 4TS EMNOTLES
EANICIIBBTROOELSIRELNH D

aws 72 HARVARD ,

N Z) 5%5& MEDICAL S OL

Democratizing ultra large “' > E— §—>

virtual screenings by scaling : a NI
VirtualFlow to 1 million vCPUs o 1 bllllon Days

compounds per compound years

Christoph Gorgulla, PhD
Research Fellow at Harvard Medical School
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Harvard Medical School T Ultra Large Virtual Screenings

BRBRELZ Ry X Y032 L—Y a3 2EEHETOET 310,

VirtualFlow E WS JL—LT—9 ZFAFEL. SurmEFDOP 3 TRAT D a—F (X
AWS ParallelCluster {9 % Z & T. &K 240,000 vCPU #EjR(ZFER
1{E2000 R 1LEYMDT—42 Y FTlE., 7HRIT71.9% QOUEE5ET

[[i%%

r———

Initial VirtualFlow Scaling on AWS

With AWS we ran a 120M ligand dataset to evaluate scaling. This architecture scaled to 240,000
vCPUs on ParallelCluster (and could have gone higher!)

omscunds 3 22 hours 8.6% complete
2 9,600 vCPUs —) 11,677,064 ligands completed
docki
mmmmm i 5 i 43 ) )
; 3 ‘l‘ [ 7h 26.3x faster
&7 & 240,000 VCPUS oy 71.9% complete  than 9,600 vcpus
97,109,644 ligands completed (w/ 25x vCPUs)

High Exhaustiveness setting - More compute intensive

As we look to scale to billions of ligands, can we adopt more cloud native
technologies to complete screening even faster?
aws
)

CAA)

© 2021, Amazon Web Services, Inc. or its Affiliates. https://www.voutube.com/watch?v=g-Xh-glLv320 . )
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Harvard Medical School T® Ultra Large Virtual Screenings
B2V FERUNERAT =8, sTRIRIEL L TAWS Batch, R bL—2

ELTAmazon S3 #EAL7—F TV F¥ICEEFT S & T,
1005 vCPU £ 8BZA 5 V—REMR L. 2.2 FHET 99.9 % OUEMNET

AWS Batch + S3 + EC2 Spot Record-setting scale at ~1.1M vCPUs on VirtualFlow

| + Can automatically scale up and down
, + Use On-demand or Spot
« Can span across availability zones
uéue

vCPUs used over time

E | [I[] &
AWS Batch s Q Compute
itonm Store Resu lts
AWS Batch dynamically
provisions resources, ey
ontainer
plans, schedules, and
executes : 2.2 hours 0, 115.2x faster
+ We were able to use Amazon S3 for both input and output storage to ~1.1M vCPUs —_ 99.9% com p[ete than 9600vCPUs
No additional remove the need for a large shared filesystem 133,711,471 ligands completed  (yw/ 114.5x vCPUs)
components to install https://qithub.com/VirtualFlow

High Exhaustiveness setting - More compute intensive

aws aws
— N~—-1
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Shoko Utsunomiya &
Senior Solutions Architect
Amazon Web Services Japan G.K. 6
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DGL-LifeSci: Bringing Graph Neural Networks to Chemistry
and Biology

-\, EY)F5EE T GNN (Graph Neural Network) Z{ES 7z @ 0SS
« DGL (Deep Graph Library) & PyTorch A%/ \w oI > R
« AWS A2 /)\—1RETHFE : https://github.com/awslabs/dgl-lifesci
« {EEYDICHT T DEIAD GNN SBYDEEREESZSFEND

« T—YDRRPUENSES, FHl. BIfRb/R EDHRE

- ERIEBRHDET )L ZFIFER]EE
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https://github.com/awslabs/dgl-lifesci

Amazon SageMaker Z{ED /= AIGIEE FSMEFEFREEFESS

- R 5%5

Amazon SageMaker CiitiRIE&ZiBER
E>=a2l—=>3
ARIBICK D, RIER ETRD D BD1ERN
S )NDE(CEDE TRD FHLEaEM =S
5T
o 27 =F5IAFH,

TTDERE
Amazon SageMaker (it
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Amazon Braket
- 2 TCOMRREE - RIFEOFICEFI>E1—FTa 0%

e 5%

m:

=n= T A X17
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=575/ X (QPU)

« F—M—-XE2FI1>E1—4
- Rigetti : B{zE=Z=FE W b (The Rigetti Aspen-8)
- 22FEvY b EEEEDHY
« lonQ: 7A> v ITEFE W b (lonQ linear trap)
- MME2FEY b £EENH

- EFV_—U>Y
- D-Wave: BEEFEW
- DW_2000Q_6 (2048=FE W i)
- DW_Advantage (57602FEw )

) \A ADFAFE - IBEEEITIIFR(CRELSianEL T D E. EF
BEEARA N, 5D RR=ADAZ T RTEL TS,



https://aws.amazon.com/braket/hardware-providers/

Amazon Braket Python SDK

- Amazon Braket SDK =@ C5 /1 X
(CAKF UIRU\[EIE8ESE
- =TFOFEETE (Rigetti, lonQ)
- EF7”-—Y>7J(D-Wave)

« DADDET. AU

« TI\AREGATDER

- QPU (IonQ, Rigetti, D-Wave)

. =FMORES =1L —%4 (local simulator, state
vector simulator, density matrix simulator, tensor
network simulator)

"22']

bell = Circuit().h(@).cnot(®

print(bell)

print(f“\nserialized_circuit:

T : |e|1]

G0 : -H-C-
|

ql : ---X-

T : |e|1]

> 1)

{bell.to_ir().json()}

")

serialized_circuit: {"instructions": [{"target”: @, "type": "h"}, {"control": o

"cnot"}]}

result = simulat un(bell, s3_destination_folder).result()
print(f"me nts: {result.measuremen =
print(f"me a babilities

data = ["".join([str(bit) for bit in shot]) for shot in result.measurements]

plot = plt.hist(data)

measurement_counts: Counter({‘@0°': 5@, '11': 5@})
measurement_probabilities: {'@0': 0.5, '11': @.5}

https://aws.amazon.com/braket/hardware-providers/ aws

V
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Amazon Braket )7 —=F77T0F v

Amazon Braket
mpAYE Y

] AWS Cloud

x Amazon Braket

<> Amazon S3
s|[:= § @ @ (ETEFER DIEHN)
NHR—T R A AWS Key
SEal—&  BFER(TUYKHE <> %?ﬂ Management
= Service
v - SRE)
D- lonQ Rigetti
sF/\—kDxTV o
(QPU) >
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Chris Scott

Global Solutions Architect
AWS

aws
S

P> Pl N 4488
PAWS #AmazonWebServices #CloudComputing

Drug discovery

Lead identification Lead optimization
Binding
Virtual ADME/TOX Synthesis
ning Al ideation predict} P'(.F‘EI:?;" ficti

It's not just a case of whether it

AWS re:invent 2021 - Delivering life-changing medicines at AstraZeneca with data and Al

> Unlisted

147 views * Dec 17,2021

aws AWS Events
=" 46.2K subscribers

Join this session to learn how AstraZeneca is driving insights at scale and putting the power of

artificial intelligence (Al) in the hands of
helping them deliver life-changing

SHOW MORE

0 Comments = SORT BY

by enabling self- on AWS,
Discover how has an Al

© 2021, Amazon Web Services, Inc. or its Affiliates. All rights reserved.
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BIEEARICHEITD I 77 FEE

MEDRIERETIE, EZFOEX) T4 DEMICHED., SHEHS I L—2a v ESBEEHTRREERa VY Ea—T V00K
WICKELGHFNFTEONT LD, -, AREFROIZIHRELESELRIZLY.,. RKAELGT 2 EELPERNNTORRAR~DE
ELEMLTVWS, COESIBREDHT, DELRBICVELRENHE Y —RXREHRITSIENTES VTV FaVEa—
TAVTEAVERKABEMHERRETANEIEZEDH TS, ¥ 5 FLETIE, HPC (High Performance Computing) - EF 3 >
Ea—% - T30 -BBEE - xRV bID)—9 - X2 ) T+ Z0OEMITHE L-HRALGRKENRBESATEY., £F-7H
TE7EFEVWVERBBELHEIBEZRAL—XICHEET LI ENTEE, FBETEH., COLSLBRAEAERICEITEZI59KE
Aol & LT, Amazon Web Services (AWS) [TH (T3, HPC & EFaAVE A — 3 ~~OWMYBHZEZFRILIZHENT 5,

AWS [Z 351+ % HPC

HPC B TlX. RIBELHN—F X ILR I Y= 50, 5/ LB, V54T EFEMBICKSBERFREFTE VS EBLEVLSE
T AWS OFRAMNMTHhNTULVS, AWS TlE, 2474 CPUDERERIZMA . GPU L FPGA IZTDWTHRERETHATE S0,
BHIOT7 TV r—2 3 VIC@BLiz SR EZREICECTHERT 5 2 EMNMEELR 21T T4 <. AWS ParallelCluster ¥>AWS Batch
EWo B —ERIZEKY, HPCO SR A BREDEELARNDERICITZA DO, BHEI—XT—XITxHIET D EAEEEIC
HoTWd, Ky a3 TlE, SO HPCEEY—EXRDOBMEICMA . ERICEEGEOHABEHBEATLEDLSITERAINAT
Wah., ERNTOEFZRZATHENT 5.

AWS[SEIFZEFaVEa—4

BIEMEICEITAH-L7IA—FELT, EFaAVEL—2DERANEEIA TS, AWS TIE, EFaVE2—45DIILYT
+—T FH—EXTHSD. Amazon Braket ZIRIELTH Y. AWS 7H Y FEFE>TULWNIEH THlonQ, Rigetti, D-Wave & Vo 1=
EFIVELA—FVEFRBIIAL—FICTIVERATEIRENESTWS, EFAVELI—FOHARMREFIINET. /\—
FOZT7H7)LT3) ALADORARICENT, ZMNICHIIEMICELFERICTELBEMEMEEZERIND=H. Bon-tEMER
TLARYMBE I ENATELGMN A, V5DV FZRBALE—RAITOEFHIMBHINEASA. FUZLOMEECHREENEF
AVELA—SMBICBATESLIHRICEALTWLS, Aty arTlE, BIECELIEFIELFHECEFHERFZELERED
EFaAVE1—3WERFDEH E Amazon Braket TEIRTZEBAZ LIZTDOWTHENT %, aws

\_/‘7




AWS [CHITHEFaVEL—4

BIEMERICHSITA#H-GZ7IO—FELT, EFAVELI—2DFRAIMNETEINT
LV, AWS TlE, EFaVE1—3DI7ILIR—Y FYH—EXTHA. Amazon
Braket ZiRELTH Y. AWS 7hH O Y bFo TLWNIEEET H1onQ, Rigetti, D-
Wave E WS F-EFaAVEA— 30 FRBEU I A L—FITT7 I ATESHIREN
BHSTWS, EFAVEA—2OERAELEINET, N—FDIT7HP7ILTYX
LDORFEIZEWNT, EMMICH ITEMICHLIERICEELGBMEMBEZERINST-
H. EonE=-HEHESTCULIRYBO I ENTEGI =N, V959 RZRALE:
— A (T DOEFBMIRENEHA. JYZLOMBECHRENEFIVEL—2WH
TICZBATELIRKICEALTWS, Kty 3Tk, BIEICEHLSEFILFET
BEOEFHMFE LG ERENEF IV EA—2 ERFE O & Amazon Braket
TEEHTEBRZLIZDOVNTENT 5,
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Grover Algorithm with SV1 (1000 shots) on Amazon Braket
8B DHFNLIEBFE Y > CTERTRY

n_rep 1 n_rep 2

probability
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Grover Algorithm with lonQ (1000 shots) on Amazon Braket
8B DHRNDIBTFE Y hEfE-> TIERZRY

n_rep 1 n_rep 2

000 100 010 110 001 101 011 111
bitstrings

32.4% 56.4%
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Shor’'s 9 qubit code ['95]

- 92FEwv hT10OZHIL
sfEv hEI>O—R
- [5 - fMEOmEBEBDIS —

HETIECED

1
E(IOOO) + [111)) ® (|000) + [111)) ® (|000) + [111))

Quantum circuit of the Shor code

1
1) = ﬁUOOO) —|111)) ® (]000) — |111)) ® (|000) — |111))

CAA)
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NISQ : Noisy Intermediate-Scale
Quantum
{2

D <50 EFEwW I
mHETEM T =1L —> 3> F8E

@ NISQ
BERT7ITUT—2 3 > RBENFEND

WEIEFIE1—45%=[FoT
HREUHELD !

1 10 102 10% 104 10° 106 107 108

BTy % ® > 100k BFE W b~
1 B TS = 1 L—3 5 ATk ROFTIERR CEF I Ea—FT 020
2: Noisy Intermediate-Scale Quantum (NISQ) . — o
3: IE_ETIE%W*%& L/7Z:ZI>t°:L—9 L/b\ L/K%E*E'ﬂ:ﬁﬁ%(c_(1H§Fﬂﬁb\h\b\5

re:Invent 2019 (CMP213-R) H 5 kit

. =
© 2021, Amazon Web Services, Inc. or its Affiliates. All rights reserved. https://www.youtube.com/watch?v=BVOTZWuAwyk aWS
\/‘7



https://www.youtube.com/watch?v=BV9TZWuAwyk

NISQ T/\A X THOEF - &/ \«ATUw RF7ZILTUX A

« Noisy Intermediate Scale Quantum (NISQ)
« ATy RZ)LTUZXAFDRVNEFE Y bERVEIREZF A

- EFI1E1 57270y EUTHRAETS
ZoEF 7)1 YU X L (Variational Quantum Algorithm: VQA)

g 5 CPU
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AWS Center for
Quantum Computing
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Amazon Braket
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Amazon Quantum
Solutions Lab

Democratize Quantum

Push the Boundaries
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AWS Center for Quantum Computing

I ITAILZT

THRIXE (Caltech) (CHiEI D AWS O=FAFEtTZ> 45—

HRZEU— RIBBF I 1—F+ SIDRREE TS S TREDT,
EFOSE1—F(2ID)\— ROTT7EY T NI ORFENELET

Quantum Computing in the NISQ era and beyond
John Preskill

Institute for Quantum Information and Matter and Walter Burke Institute for Theoretical Physics,
California Institute of Technology, Pasadena CA 91125, USA
30 July 2018

Noisy Intermediate-Scale Quantum (NISQ) technology will be available in
the near future. Quantum computers with 50-100 qubits may be able to perform
tasks which surpass the capabilities of today’s classical digital computers, but
noise in quantum gates will limit the size of quantum circuits that can be
executed reliably. NISQ devices will be useful tools for exploring many-body
quantum physics, and may have other useful applications, but the 100-qubit
quantum computer will not change the world right away — we should regard
it as a significant step toward the more powerful quantum technologies of the
future. Quantum technologists should continue to strive for more accurate
quantum gates and, eventually, fully fault-tolerant quantum computing.

https://arxiv.orq/pdf/1801.00862.pdf

nt-ph] 7 Dec 2020

Building a fault-tolerant quantum computer using concatenated cat codes

Christopher Chamberland,":? Kyungjoo Noh,! Patricio Arrangoiz-Arriola, !
Earl T. Campbell,’"* Connor T. Hann, 3 * Joseph Iverson,':* Harald Puttelman,l * Thomas
C. Bohdanowicz,2 Steven T. Flammia,' Andrew
Liang 14 Amir H. Safavi-Naeini,’"® Oskar Pai
_'AWS Center for Quantum Computing, Pasad
QIM, Culifornia nstitute of Technology, Pmdm« cA 91125,
3 Department of Ph Yal cT n( 11, USA
_ *Pritsker School of Molecular Engincering
5 Department of Applied Physics and Ginzton Lubomtwy, Stanfonl University, Sta

We present a comprehensive architectural analysis for a fault-tolerant quantum compute
ith outer quantum error-correcting codes. For the phy
tem of acoustic resonators coupled to superconducting circuits with a two-dimensional
timated near-term physical parameters for electro-acousti
, including CNOT and Toffoli gates. Having
quantum error correction when the outer
sal

s improves upon the fidelity of physical Toffoli
ieve even lower overheads, we devise 2 agic-state distil

oful fault-tolerant quantum algorithms. We find that with

uit component construct a fault-tolerant quantum

assical supercomputers. Hardware with

cutt, (_muponent in turn, could simulate the Hubbard model in a regime
beyond the reach of classical computing.

omputer that, can run ¢
2,000 supercondu

https://arxiv.orq/pdf/2012.04108.pdf

CAA)



https://arxiv.org/pdf/1801.00862.pdf
https://www.caltech.edu/
https://arxiv.org/pdf/2012.04108.pdf

AWS Center for Quantum Computing (CQC)

Oskar Painter,
Fernando G.S.L. Brandao,
John Preskill 5hH"

J\—=RDIT7. ZIITUXLDOEENS
AWS(CHITD
EF 1> E1—YDEEHRFTZY — R

Caltech &+ >/ \X (T[4

CAA)
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.
e

SF 1> E1—FT4>0%

e 5%

(C

m:

=n= T A X17
TR — REARISE INAINT A =X AR TF177 - AT R
o B =1L —% 2F/\— ROTTT

I TV RET&

CAA)

\_/7



=575/ X (QPU)

« F—M—-XE2FI1>E1—4
- Rigetti : B{zE=Z=FE W b (The Rigetti Aspen-8)
- 22FEvY b EEEEDHY
« lonQ: 7A> v ITEFE W b (lonQ linear trap)
- MME2FEY b £EENH

- EFV_—U>Y
- D-Wave: BEEFEW
- DW_2000Q_6 (2048=FE W i)
- DW_Advantage (57602FEw )

) \A ADFAFE - IBEEEITIIFR(CRELSianEL T D E. EF
BEEARA N, 5D RR=ADAZ T RTEL TS,



https://aws.amazon.com/braket/hardware-providers/

Amazon Braket 57721z X 0]

Quantum Processing Units (QPUs)

D-Wave — Advantage_system1.1
Quantum Annealer based D:wave
on superconducting qubits

Qubits Status
5760 © ONLINE

Region Next available
us-west-2 © AVAILABLE NOW

Rigetti — Aspen-8
Universal gate-model QPU [‘igetti

based on superconducting
qubits

Qubits Status
31 @ RETIRED

Region Next available
us-west-1 (© UNAVAILABLE

D-Wave — DW_2000Q_6
Quantum Annealer based D:wave
on superconducting qubits

Qubits Status
2048 © ONLINE

Region Next available
us-west-2 © AVAILABLE NOW

Rigetti — Aspen-9
Universal gate-model QPU ['igetti

based on superconducting
qubits

Qubits Status
32 © ONLINE

Region Next available
us-west-1 07:45:55

lonQ

Universal gate-model QPU based
on trapped ions

Qubits Status
1 @ ONLINE

Region Next available
us-east-1 05:45:55

lonQ: 11 Qubits, Universal gate model, ¥ A> 5w
Rigetti: 31 Qubits, Universal gate model, #2{xi&
D-Wave: 5760 & 2048 Qubits, EF 77— >

Simulators

Amazon Web Services — SV1

simulator

Amazon Braket state vector u @

Qubits Status
34 © ONLINE

Region Next available
us-east-1, us-west- () AVAILABLE NOW
1, us-west-2

Amazon Web Services — TN1

Amazon Braket tensor network
simulator

Qubits Status
50 © ONLINE

Region Next available
us-east-1, us-west-2 () AVAILABLE NOW

Amazon Web Services — DM1
Amazon Braket density matrix
simulator @

Qubits Status
17 © ONLINE

Region Next available
us-east-1, us-west- @ AVAILABLE NOW
1, us-west-2

£FEwvk, DM1: 17 EFEvY

sF¥EvY

CAA)
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AWS TMEMT D EF1> Ea1 —HDEHE

Quantum Computing

i . Rigetti (8z8) - 32 8FEw ~ - D-Wave 2000 (£815i5) 2048 EFEY ~
L e onQ (A RSV ) -118FEY ~ + D-Wave Advantage (&{zE) 5760 EFEwW
i * Fully-connected

h 4

e Local Simulator-25 EFEw ~
« SV1-34 EFEwv K, DM1-17 &F
Ew bk TN1-50 EFEwv ~

« QUBO solver (Meta-Analytics) -30,000 ./ — |*
« SBM (Toshiba) - 10,000 ./ — <

© 2021, Amazon Web Services, Inc. or its Affiliates. All rights reserved. aWS
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Amazon Braket Python SDK

- Amazon Braket SDK =@ C5 /1 X
(CAKF UIRU\[EIE8ESE
- =TFOFEETE (Rigetti, lonQ)
- EF7”-—Y>7J(D-Wave)

« TI\ARFAT%Z=>=31L—% (Local,
SV1,DM1,TN1) =/ (U—hK -7
——U2D) SENENZEITOIEE

» DADDET. AU

"22']

n [3]: bell = Circuit().h(®).cnot(0, 1)

print(bell)

T : |e|1]

G0 : -H-C-
|

ql : ---X-

T : |e|1]

)

print(f“\nserialized_circuit: {bell.to_ir().json()}

serialized_circuit: {"instructions": [{"target”: @, "type": "h"}, {"control": o

"cnot"}]}

.result()

1ts}”)

r(bit) for bit in shot]) for shot in result.measurements]

plot = plt.hist(data)

measurement_counts: Counter({‘@0°': 5@, '11': 5@})
measurement_probabilities: {'@0': 0.5, '11': @.5}

https://aws.amazon.com/braket/hardware-providers/ aws

V


https://aws.amazon.com/braket/hardware-providers/

T

FINA R TNDBEX THE(CQPUIC T IR TES

import boto3
from braket.circuits import Circuit
from braket.aws import AwsDevice

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

)

bell = Circuit().h(@).cnot(0, 1)
task = device.run(bell, s3_folder)
print(task.result().measurement_counts)

lonQ "arn:aws:braket:::device/qpu/iong/ionQdevice"

Rigetti "arn:aws:braket:::device/qpu/rigetti/Aspen-8"

D-Wave (See the next section in this document for more information about using D-Wave.)
« D-Wave 2000Q_6 "arn:aws:braket:::device/qpu/d-wave/DW_2000Q_6"

 D-Wave Advantage_system1 "arn:aws:braket:::device/qpu/d-
wave/Advantage_system1"

CAA)
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Amazon Braket D)7 —F7 T F v [X

NR—TRJ—=hIJvD

Braket SDK

O—73)L IDE

Amazon Braket
i AYESIV

] AWS Cloud

Amazon CloudWatch

u Amazon Braket ¢ C& (@4 - O)
T = Amazon S3
G N rcd) < @“ (RO
>=alL—%
AWS Identity and
6 I%; Access Management
(HEPREE)
AWS Key
6 @o Management
= Service
(T —51RE)
D- lonQ Rigetti
sf/\—FDxT7
aws
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QPU FIAHBIgEREF~ > > DEE ISFERE

Amazon Braket Devices

Quantum Processing Units (QPUs)

D-Wave — Advantage_system1.1 D-Wave — DW_2000Q_6 lonQ

Quantum Annealer based D:wave Quantum Annealer based D:wave Universal gate-model QPU based
on superconducting qubits on superconducting qubits on trapped ions

Qubits Status Qubits Status Qubits Status
5760 ® ONLINE 2048 ® ONLINE 11 ® ONLINE

Region Next available Region Next available Region Next available
us-west-2 ® AVAILABLE NOW us-west-2 ® AVAILABLE NOW us-east-1 (©® AVAILABLE NOW

Rigetti — Aspen-8 Rigetti — Aspen-9
Universal gate-model QPU  ¢* i g e t ti Universal gate-model QPU  ¢* i ge tti

based on superconducting based on superconducting
qubits qubits

Qubits Status Qubits Status
31 @ RETIRED 32 ® ONLINE

Region Next available Region Next available
us-west-1 (© UNAVAILABLE us-west-1 01:25:15
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Rigetti Computing AT — FEYIE{RL

- BEBEFEY MCEDNAYS — hEFILDEFIS >
« Aspen>U—XF v
- BEEFREEREATBIGEEFE Y MMCKDBRHKICK
DREE. AT —)L. EEDENIMEHEDE
- 8AI S IERE CETE Y MERIE(FIE
RIFE CTRUVBHEEFE Y hZ2BEENICY >0

e Rigetti Aspen =) —XFwv -
The Rigetti 16Q Aspen-4 24— 57 LRMEEE RO,  base-8TSAIUSFEN
2O S IEEDEFE Y Mg

BEsFEw b~

https://aws.amazon.com/braket

/hardware-providers/rigetti
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https://aws.amazon.com/braket/hardware-providers/rigetti

Rigetti I T #&5k

Aspen-8

Topology

Aspen-9

Topology
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Rigetti Chip Calibration

Calibration Edge specs

Last updated: Sep 21, 2021 04:28 (UTC)

T 12 Fidelity (RB) Fidelity (simultaneous RB) Readout fidelity Active reset fidelity
(us) Info (us) Info (%) Info (%) Info (%) Info (%) Info

27.661 12.521 99.900 + 0.009 99.556 + 0.034 96.800 99.850
35.419 10.563 97.817 £0.120 97.338 + 0.349 89.600 98.450
24.699 4.462 99.759 £ 0.021 99.641 + 0.020 94.800 99.750

35.644 35.104 99.944 + 0.006 98.936 + 0.226 95.300 99.350

Calibration ‘ Qubit specs Edge

Last updated: Sep 21, 2021 04:28 (UTC)

Q

Edge (Qubit pair) C-Phase gate fidelity (%) Info XY gate fidelity (%) Info CZ gate fidelity (%) Info
1.000 + 99.000 81.771£1.416 87.471 £0.789
87.255 +0.790 89.446 + 0.584 95.549 + 0.634
87.940 + 0.854 67.320 + 2.466 81.128 + 1.339
95.691 + 0.862 88.401 £ 0. 90.099 +0.580

98.026 + 0.440 94.946 + 0.660 97.585 +0.485
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V



SEFEY MDY T7ILEIZ B TEDLDCIERDFLIZ
* Rigetti Aspen8 [CHL\TE=FEwY
ZIETE UTco — NMEENYAIRE(C

« KDEREREFEFZIRNICT
> ~O—-JL

Rigetti Aspen-8 M RO —

# create a random state with neighboring qubits
circuit = Circuit()

circuit.rz(0,np.pi/2).cnot(1,2).x(3)
print(circuit)
rigetti_task = device.run(circuit, s3_folder, shots=100, disable_qubit_rewiring=True) A ZAOETRFICS| 2 TIBTE

https://qithub.com/aws/amazon-braket-
examples/blob/main/braket features/Allocating Qubits on QPU Devices.ipynb

https://aws.amazon.com/jp/about-aws/whats-new/2020/11/amazon-braket-supports-manual-qubit-allocation/
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https://aws.amazon.com/jp/about-aws/whats-new/2020/11/amazon-braket-supports-manual-qubit-allocation/
https://github.com/aws/amazon-braket-examples/blob/main/braket_features/Allocating_Qubits_on_QPU_Devices.ipynb

Set Verbatim Compilation

Rigetti QPU FIAFHEF(C.,
BE UJCEF IRz BF(C
GHERNIREDI(C) ZHE T

Error mitigation o> FY¥—2

AN

In [10]:

In [11]:

In [12]:

Programming verbatim circuits onto the device topology

As we have mentioned above, to build circuits with multi-qubit gates, you need to take into consideration the connectivity graph of the device. When a circuit
contains a verbatim box, automatic qubit rewiring has to be disables, and you have manually allocate the qubits on the device that you want to use for your
circuit. You can access the connectivity graph on the device detail page in the Amazon Braket Console, or by using the code below.

# access and visualize the device topology

print(rigetti.properties.paradigm.connectivity.connectivityGraph)

nx.draw_kamada_kawai(rigetti.topology graph, with_labels=True, font_color="white")

', '7'1, '1': ('0', '16'], '10': ['11', '17'], '11': ['10', '12', '26'], '12': ['11', '13', '25'], '13':
['13', '15'], '15': ['14', '2'], '16': ['1', '17'], ['10', '16'], '2': ['15', '3'], '20
22, '22': ['21', '23', '35'], '23' '24': ['23', '25'],

'26'], '3': [ 1 310, '37'), ‘310
'35'], '35 '36': ['21', '35, '37'], '37':
[SEIPIRE IS VRS AP LA

From the connectivity graph, you can see that qubits 11, 10, and 17 are connected in a line, and with the code in the next cell you can access their respective
2-qubit gate fidelities to make sure you have selected a high-quality qubit subset.

print(rigetti.properties.provider.specs[”20"]["10-11"])
print(rigetti.properties.provider.specs["20"]["10-17"])

{'£CPHASE': 0.9370584109675574, 'fCPHASE std err': 0.00795074764345174, 'fCz': 0.9299243089381443, 'fCZ std err': 0.0
14825613277350928, '£XY': 0.9745254923082562, '£XY_std_err': 0.008192514619096408}
{'£CPHASE': 0.9814191643655765, 'fCPHASE std err': 0.003640156618078282, 'fCz': 0.9901793460716128, 'fCZ_std err': 0.
002845237063339863, '£XY': 0.9619550297476629, '£XY_std_err’': 0.005187344784704715}

Note: At the time when you run this notebook the fidelity numbers may be different as QPU devices are periodically recalibrated

After selecting the qubits and validating their gate fidelities, you can now construct a cirucit and run it.

circ = Circuit().xy(10,11,pi/4).xy(10,17,pi/2).rx(10,pi).xy(10,11,pi/4)
verbatim_circ = Circuit().add_verbatim box(circ)
print (verbatim circ)

I o 0 1 ] 2 ] 3 | 4 | 5 |

:| -StartvVerbatim-XY(0.785)-XY(1.57)-Rx(3.14)-X¥(0.785)-EndVerbatim-

aWws
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IonQ WNEAREFE® 10pm - 1lam £ TEXDLDICRDFELE

06/10/2021
lonQ extends availability window to 02:00 AM UTC - June 10, 2021

lonQ is extending its availability window on Amazon Braket effective immediately. lonQ will now be generally available from 13:00 - 02:00 UTC instead
of its current availability of 13:00 - 21:00 UTC, affording Amazon Braket customers around the globe more flexibility on when they can access the
device. Refer to the lonQ device page for more information.

Hardware provider Region Location
lonQ us-east-1 Maryland, USA

Availability Next available Cost
Weekdays, 13:00:00 - 02:00:00 UTC 05:42:29 $0.30 / task + $0.01 / shot

Device ARN Status Qubits
arn:aws:braket:::device/qpu/ionq/ionQd (® ONLINE 11
evice

aWws
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IonQ bRO>—&EFvwUIL—23>

Calibration
Topology Last updated: Aug 07, 2020 12:47 (UTC)

"braketSchemaHeader": {
"name": "braket.device_schema.ionq.ionq_provider_properties",
"version": "1"

})

"fidelity": {

"1Q": {

"mean": 0.99717
},
"2Q": {

"mean":
})
"spam": {

"mean": 0.9961
}

}J

"timing": {

"T1": 10000,

"T2%: 9.2

"1Q": 0.000011,
"2Q": 0.00021,
"readout": 0.000175,
"reset": 0.000035

11 EFEY b e (L—Y—KICXDIAZTIY> RIS




1 A> b wvTZEVZ TonQ D4FES

lon Trap

- 2FEv bk AAMEEINTE Yo+ (A VFTILED L) [EF

« 100KIZEEDBMM(CKDIEEICT Y 1> NIz, linear lon
Trap BREEAA> bSwvD) #ffizfEN. 1 A> ZHETSD

s BHISICE DO TIRTERICASYI TR EICKD, TIE
« AT < 72D

« 10-11 Torr OEZEF+ > )\ CEME

Gate Configuration
« L—HY-BH(ICKBIATI> REEe (MBrEs= 8D
W) BEMT BT &Lk TEREEHTFREIC
« BE—FVIICEFEY SV ITZBEMTIEE
. BAR7IBFEY MMADFI—>. FRODREEEFIIBFLY hET
o HIEFDBEHI K DIREEEZFHAHE U

https://iong.com/technology ,aWS,



https://ionq.com/technology

Braket examples: B> 7 )L — I w o

j J u pyte r Open JupyterLab Quit

Files Running Clusters Conda
Select items to perform actions on them. Upload New~v &

(Jo ~ @B/ Braket examples Name ¥ Last Modified File size

B B

(D advanced_circuits_algorithms 16581

(O getting_started 165381

0 hybrid_quantum_algorithms 16908l

] O O

0 quantum_annealing 165381
(3 LICENSE 250

(O NOTICE 28]

Amazon Braket CTIE9 <I(C QPU =i I CENTE 3.
BTV - IDvOzBHUTWET
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IIWRFZ—2 RRT—haEaFE8> =1L —%

import boto3
from braket.aws import AwsDevice
from braket.circuits import Circuit

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

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
s3_folder = (f"amazon-braket-output-{aws_account_id}", "folder-name")

bell = Circuit().h(@).cnot(0, 1)
task = device.run(bell, s3_folder, shots=100)
print(task.result().measurement_counts)

Universal Quantum gate based computing simulator:
*  Local simulator:
- 25BFEY NETOUA v ORIONIAEDCRE
- SV BFHEDRENINLEZ1L—4
- INLEFIVILRY hD—03=aL—%
« DML EEITI>=aL—%
aws

V



=77 — MEFILDIYZ—ZRE=ZaL—4 ?@

« SV1 (REERT NL>=ZaL—%)
« 3UEFEVKRET
- EEEREARDERRZS =1L — holEE
« Square Circuit (E=34)DiHE 1~2 BEBIDs T &R
o FTIA)LKNT35UENIRYD (BK50i5) FETHEITAIEE

« TN1 G2 VILRY NDO—D2 =31 —%)
« S502FEwWhRET
o [EFEODEZ100L T
o XJ\-R[ERE O—H)IT— bR chig. QFTEERE (CHE
o EASELTHEME(36RER

* DM1 ( FEE%\/\JI/ 9) https://d /braket/latest
ps://docs.aws.amazon.com/braket/lates
* J’I’XZI/F‘\I:I JLe]gE /developerguide/braket-devices.html
s EBANI7Z2FEY KEXT
o FIJAJLRNT35MBNS R (BA50i5) FTEITOIRE https://docs.aws.amazon.com/braket/latest
1 s — devel ide/braket- lt-t .html
. AT TEERS(L6SRS /developerquide/braket-result-types.htm

Simulator
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-result-types.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-result-types.html

10/Z0DEE({tZ#EIH 9D Amazon Braket =1 —%4

ZRATPINIVXATIE. IRNTDRAFTYIT FL—Z2OREZ10E58EL. ZILTYXLADIHRE
Z< DEEERTHHE EFI1—Z=0&M=E
Update i (XS =
TN & — ) BEEFEDER
. —Local sequential
v 500
et 400 -
% value = 200 /
Amazon Braket =1L —4%T ?r-_: 200 /
EEQRFE LIS 5 I _—
K0 ———

20 40 60 80 100

e | o
% L

Amazon Braket

INSGA—HZEL

O—73)L=>=aL—%: mb5.12xlarge EC2 - > X5~ X + PennyLane
SV1: 30X COAATHRT

sl sl 4l

Amazon Braket
=L —HYRD
aws

© 2021, Amazon Web Services, Inc. or its Affiliates. All rights reserved.
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PennyLane ©' Amazon Braket CHIFHRIEE(C &Zmrssa~ 77%7¢

P E N N V ETFMNTOTS =2 IRFIAERIEEIC
L A N E ML T UAHDEH D PyTorch ¥° TensorFlow K FIFAA]EE

EFEM\(T Uy RetEETE

https://aws.amazon.com/jp/about-aws/whats-
new/2020/12/amazon-braket-now-supports-

pennylane/

m

» Amazon Braket CERIICERNIE /) — I w o
F1—MIUPILTVEIT S ICIBHEND

y {bF. . REZED7 T —23>51475
(701X

» Amazon Braket Z{f> T108EEERIQXFE

CAA)
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https://aws.amazon.com/jp/about-aws/whats-new/2020/12/amazon-braket-now-supports-pennylane/

PennyLane on Amazon Braket

o us-west-: .aws/r lamazon-braket: pennylane/0_Getting_started.ipynb

~ Jupyter 0_Getting_started (unsaved changes) A oo

File Edit View Insert Cell Kernel Widgets Help Not Trusted ~ &* ‘ccr\da braket O

+ /& B 4 ¢ MR B C M Coe v @ O gnbdif qml.RX (param[ :| ’
wires )

Combining PennyLane with Amazon Braket

INSA=SFF
SNEEFhlig T ER

*J@E%i T8 U
setr S A — S B

: import pennylane as qml
from pennylane import numpy as np

: wires = 2 # Number of qubits
dev = gml.device("braket.local.qubit", wires=wires)

\ e ) —
Defining a circuit J’X J: % Fﬂﬁ E (L
e KI D EHTIEE

gml.RX(params[0], wires=0)
gml.RY(params[1], wires=1)
gml.CNOT(wires=[0, 1])

return gml.expval(gml.Pauliz(1))]

The gml.gnode(dev) decorator binds the circuit to the local Braket device. Now, every time that circuit() is called, the quantum computation defined
in the function above will be executed with Braket.

CAA)
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~ AWS marketplace

o aws marketplace s
Categories v DellveryMethods »  Solutons v Migration Mapping Asstant Your Saved it Partners  Sellin AWS Marketplace  Amazon Web Servcs Hor

QUBO Solver Continue to Subscribe
Meta-Analytics (' Save to List

State of the art QUBO solver.

Linux/Unix

Overview

Product Overview
Optimize solutions in finance, resource planning as well as create a bridge to
quantum computing. Highlights
« State of the art performance
* Process over 30,000 variables
+ Create a bridge to Quantum Computing
=

Categories High Performance Computing

Linux
Container

Amazon ECS

Pricing Information

Use this tool to estimate the software and infrastructure costs based on your configuration choices. Your usage and costs might be different from this estimate. Th

will be reflected on your monthly AWS billing reports.
able shows current software pricing. Additional taxes or fees may apply.

QUBO Solver

Per Solver API second

Infrastructure price
Either Amazon EC2 or AWS Fargate is required. For detailed infrastructure costs, please
refer to Amazon EC2 (7 and Amazon Fargate (7 pricing.

QUBO Solver (Meta-Analytics)

& aws marketplace

Delivery Methods ¥ Solutions Migration Mapping Assistant

Categories v

Simulated Bifurcation Machine

Toshiba Digital Solutions Corporation (7

TOSHIBA

Your Saved st

shokout

Amazon Web Services Home K

Partners  Sellin AWS Marketplace

Simulated Bifurcation Machine (SBM) comes with a set of solvers which enables users to quickly

obtain good approximate solutions for large combinatorial optimization problems expressed as

0 AWS rey

Overview

Product Overview

Simulated Bifurcation Machine (SBM) comes with a set of solvers which enables
users to quickly obtain good approximate solutions for large combinatorial
optimization problems expressed as ISING, MAXCUT and MAXSAT problems.

Diverse technological challenges facing society today - logistics optimization,
financial portfolio optimization, and molecular modeling in drug discovery, to
name a few - typically involve solving “combinatorial optimization problems,”
which entails finding the best solution out of an astronomical number of
combinatorial patterns. As this requires a huge amount of calculation, previous
technologies have been inadequate in increasing the size of the problems that
can be tackled and in reducing the amount of time required to find a solution.

By successfully implementing a novel optimization algorithm proposed by

Toshiba (Goto et al. (2019)), SBM has made it possible to obtain good

approximate solutions to these complex, large-scale problems quickly, without
iring dedicated hardware.

$BM version 1.2.2 Release Note:
Added two new parameters (*C" and "dt") to deal with various problems. For
details, refer to the Simulated Bifurcation Machine (SBM) User Manual

$BM version 1.2.2 include

- AVIDIA CUDA Driver (Linux x86_64) Version 418.39

- Nodeds version 10.17.0

Toshiba Digital
High Performance Computing (2

Amazon Linux Amazon Linux release
2 (Karoo)

Amazon Machine Image

$3.06/hr

Quickly obtains good approximate solutions for large
optimization problems (ISING, MAXCUT and MAXSAT).
Solves ISING problems up to a size of 10,000 spins in
this free edition,

Easy to use. Complicated parameter setting is not
requi

Simulated Bifurcation Machine

(Toshiba Digital Solutions Corporation ) aws



https://aws.amazon.com/marketplace/pp/Toshiba-Digital-Solutions-Corporation-Simulated-Bi/B07T8STKZR
https://aws.amazon.com/marketplace/seller-profile?id=d204c622-7c0d-4510-8686-2bfb3213afa8&ref=dtl_B07T8STKZR
https://aws.amazon.com/marketplace/pp/B08BX6KWGW?qid=1596614144517&sr=0-1&ref_=srh_res_product_title
https://aws.amazon.com/marketplace/seller-profile?id=2bafc3a7-c0b9-44e5-b0e9-e50a8ed8706a&ref=dtl_B08BX6KWGW

4

P
£F _1>E1—% (QPU)

Hardware Provider QPU family Per-task price Per-shot price
D-Wave 2000Q, Advantage $0.30000 $0.00019
lonQ lonQ device $0.30000 $0.01000
Rigetti Aspen-8 $0.30000 $0.00035

sFOgEs =1L —%4

* Amazon Braket simulator :
+  SV1simulator $ 0.075 / min ($ 4.5 / hr)
+  DM1 simulator $ 0.075 / min ($ 4.5 / hr)

+ TN1 simulator $ 0.275 / min ($ 16.5 / hr)
+  Braket SDK 3477z Amazon SageMaker notebook E1T(IRIRRE

% 10003 W bA—4F —TODOQPUDIENIR UstBEZFEITI DIHAIEFRIER(SER. =1L —49TFRX b ~ AREHET

CAA)
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BlE(CDLT

£l&Hl1: Amazon Braket YR— RS ZEaL—4H—SV1 ZFBLUChgZ> =1L — M9 35156

- 302FLEY MERIIBFEEENETL. =1L —>3>0ET7(2(E697 (1.1585/E) MW o flaigs
5.175 R)L = 16§/ /=D4.50 RJL x 1.15
(SVIDEATICHO\ DESRIEAL, &/I\VISHEMNOMWREE SN ET)

BEH 2: D-Wave2000Q EFIA>E1—HH—TEF 7 -—VU > JHEZRITI DIES

« - ORIRED2,00004E8R Y > TILHAEENTLVEHEDSI A IDETIR b
0.68 RJL = IR IHI=DDFIE 0.30 R)L + (3w bdpfz DDAfiFE(30.00019 RJL x 20003 W )

BIEH1 3 : Rigetti Aspen-8 EFIAVE1—F—TEFZIITAVL%ERTIIIEE

- [BlF8E%E10D10,000EIDIEDIRL> 3w MHIEFNTVDIHZEDHI R IDEITIX b
3.80 Pl = R TBTZDDHIE 0.30 B)L + (33 W hpTz D DAliitE(£0.00035 <)L x 10,0002 3w |N)

NFR—T RS =3 L —4— &ERigettiT/ A RCEHFRIEND S 3w hOERAE(E100,000, Dwaveds KTHonQF/ 1 XMDi5E (510,000, aws
© 2021, Amazon Web Services, Inc. or its Affiliates. All rights reserved.
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Amazon Braket documentation

* https://docs.aws.amazon.com/braket/latest/developerquide/what-
is-braket.html

Amazon Braket Python SDK - Read the Docs
* https://amazon-braket-sdk-python.readthedocs.io/en/latest/
Boto3 SDK

 https://boto3.amazonaws.com/v1/documentation/api/latest/refere
nce/services/braket.html

GitHub — Python Braket SDK
» https://qgithub.com/aws/amazon-braket-sdk-python
GitHub — Amazon Braket Examples

 https://github.com/aws/amazon-braket-examples

© 2021, Amazon Web Services, Inc. or its Affiliates. All rights reserved. aWS
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https://docs.aws.amazon.com/braket/index.html
https://amazon-braket-sdk-python.readthedocs.io/en/latest/
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-examples

Amazon Braket EERZSEH Aioi Nissay Dowa USA

Aioi Nissay Dowa USA:

VBV Dy T FEHHEERRKRSHOFEE. JILT—EXDRERSH
MS& AD 1> 752X (&, tHRTSERICKERFRREATH D, 28MET hIYDIRIRE Mz it

U R TsHMDTZHDH U < EFBVERMOMFECEN L THE D, RREF@ITOEF I E1—FT4 207 T )T —
>3 OfEZERIBEUE U, 8F 1> Ed1—5« I ORNMERDOBIREHZERHEL CL\DDEFD1IDIE. BEE)
BEDTLNT A DAL D TER SN ARIREDT —FDUIETY,

[BENEEREDT L NT 1 IANSDT—FE(E. BFREEIMNE KA I D (C DN TIEEEEEI(CIENT 2 & FES
NZE9, Amazon Braket T =1L —45—%ZFHBE. EFI>E1—F(C70TR T BDEEMEIE>T=izs.
FL~NT A DRADDIZEHD PoC ZiEEDHFE Uz, BRHUICRSAI/I\—RXOA7ZtBIDd=F_1—T)LRY NJ—2
ZERL Uy IRIC lonQ F > E1—4%{EFRA L T Amazon Braket TETUEXUE. X MYBINT DIZTNC,
Fa1—Evw hOEEIEPL LU TESSICEERUEX U, Amazon Braket TREATZECTNS DA EEHEZ (ST U CEAD]
BECHD., FEINDIEMT —IDENCIHX CESRAZE{HIT DDITHIEET, |

1 I R—= 3> F{EE Michael Fischer

EBFHHFEDT LT+ IAIGAICEId S Aioi Insurance Services USA #RDBHIT 0145
https://aws.amazon.com/blogs/quantum-computing/aioi-using-quantum-machine-learning-with-amazon-braket-to-create-a-binary-classifier/ aWS

\/‘7



https://aws.amazon.com/blogs/quantum-computing/aioi-using-quantum-machine-learning-with-amazon-braket-to-create-a-binary-classifier/

Using Quantum Machine Learning IEZE Aioi Nissay Dowa USA
with Amazon Braket to Create a Binary Classitier

Aioi Insurance Services USA [& Amazon Braket ZF|FH L.
Quantum Neural Network (QNN) [E. Farhi and H. Neven (2018)] @

—{i& (safe/fail) »

aWws
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https://arxiv.org/abs/1802.06002

Amazon Braket HZEIREL VOLKSWAGEN

GROUP

Volkswagen Group :
RAEOHRBADEEEDIDTHOIA—0v/ EADEEEA—H—

[ DA )IIRT—F>Tld, BEBRECHITDIEFIE1—FT0 2 TJ0EEER
IMERECDWCESIBEULZWVWEEZEXTUVWET., EERDE. cFxFR=
A Ea21—4A—ToO7)LIYUXLADT R S ERGRIARERETY ., |

[Amazon Braket (. BEL=NEoO05=>014>AA—TJ114 X% NUT.
SFIFRY—EXRTO/I\ASF—DEF 1> E1—9F— (TG UTERTEEY,
CNICEKDEARIEEEIMEL. EF 7)1 X LZNENTIRECIRADE T,
Amazon Braket (. EFA>E1—FT 4> 20DAV W hEHEPERICSS(THR
RICIRMETEDRIEHELUTLED, |

TAIWNDRDT—5>20)IL—F
SEIRIMT S KO TEERIBY S5 ¢ L 274 — Florian Neukart &
aWws
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Amazon Braket HZAEEE/H oy ceERr

N

J14 7 U5 bRt~ — (FCAT):

[Amazon Braket T/ \— RO T FZIIKIFZFURW I NI T 7 =RAFETEDEH. FIULLEF
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https://monoist.atmarkit.co.jp/mn/articles/2105/19/news050_2.html
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GROUP - Florian Neukart, Director of Advanced Technologies and IT Strategy, Volkswagen
Group of America

FIDELITY CENTER for
FCAT | APPLIED TECHNOLOGY|

- Adam Schouela, Head of Emerging Technology at the Fidelity Center for
Applied Technology
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- Michele Mosca, Full Professor at the University of Waterloo
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AWS Quantum Solutions Labs
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Amazon Quantum Solutions Lab (QSL)
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“Combinatorial Optimization with
Physics-Inspired Graph Neural Networks”

3571 —3)lxxy NDO—oZFAU
fHEEmE{CRIEY)IL) (—

EE o —_— 7> iz —= =
Martin J. A. Schuetz,>23 J. Kyle Brubaker,? and Helmut G. Katzgraber!»23 Y fll:ﬁi/&@it\"\) l/ h—i;%ﬁé?ﬂ]jé — tt
IAmazgoZv%u;nttuZ? SoiutionAZab, Sedattcl'e, W(;shz;rfgt;;n ;)8170, USA 1%&]&@' Hbfd: DX '\IE?%\
ntelligent an. vanced Compute Technologies, N _ — —=
Professional Services, Seattle, Washington 98170, USA 0 - j -1 j) l/?\ \y |\ 'j — 0%$EE:J
SAWS Center for Quantum Computing, Pasadena, CA 91125, USA
(Dated: July 5, 2021)

We demonstrate how graph neural networks can be used to solve combinatorial optimization ) ;&EHQ;&(L_;({I-}TE L/ N
problems. Our approach is broadly applicable to canonical NP-hard problems in the form of s — i NIN
quadratic unconstrained binary optimization problems, such as maximum cut, minimum vertex E%ﬁ?;ﬁ t H%D\%nuiwlli HE
cover, maximum independent set, as well as Ising spin glasses and higher-order generalizations
thereof in the form of polynomial unconstrained binary optimization problems. We apply a
relaxation strategy to the problem Hamiltonian to generate a differentiable loss function with which
we train the graph neural network and apply a simple projection to integer variables once the
unsupervised training process has completed. We showcase our approach with numerical results
for the canonical maximum cut and maximum independent set problems. We find that the graph
neural network optimizer performs on par or outperforms existing solvers, with the ability to scale
beyond the state of the art to problems with millions of variables.

arXiv:2107.01188 [cs.LG]

Combinatorial Optimization with Physics-Inspired Graph Neural Networks
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https://arxiv.org/abs/2107.01188

SEF 7 ITUT—2 3 RAFED AWS J){— b —

Amazon Braket L THRERRO T TV —> g HREEZIET D
IER(CERESNo /O0>—> YY)+ > T0)\— I —

Sl

1Bt blueqat = WAF T,

MULTIVERSE QSIMULATE

C@uno'sys' lahko figetti ) XANADU

- STREZFE. HBRFE. ELRRE. SFXSTFREMINTF R DOEECIRE

aWws

V



AWS Quantum Computing Blog @

https://aws.amazon.com/blogs/quantum-computing/



AWS supporting the Quantum Software Research Hub
led by Osaka University (9821H Braket 7—27 > 3 v >)

https://aws.amazon.com/blogs/quantum-computing/aws-supporting-the-quantum-software-

research-hub-led-by-osaka-university-in-japan/

Research Hub

Research Hub
Members

Quantum Machine

Application Libraries

Quantum
Learning

i Middleware

Hardware
controller

sl AWS Cloud

P4 Amazon Braket

' 1 Development Environment

;B

Cloud Toolkit Notebooks

. Simulators and NISQ Platform
Chemistry !

[ [

Simulator Simulators

e

Quantum hardware

Hardware and Testbed

b

Testbed

dWs

V



EFIAVE 21— XFERAAWS 7Ly FHIBHLTWET

https://aws.amazon.com/braket/quantum-computing-research/

Research quantum algorlthms and test
quantum computers &

Request research credits

FEATURED

Advance your career with AWS Cloud Practitioner Essentials—a free, six-hour, foundational

course.

Quantum computing is an interdisciplinary area of research combining quantum

physics and computer science. Research in quantum computing studies the physical 1 free hour of

limits of information processing and is breaking new ground in fundamental physics. . lati .
This research leads to advances in many fields of science and industry, such as simulation time

chemistry, optimization, and molecular simulation. .
iR per month for a year with the

AWS Free Tier

aWws
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Media

ST 7 TURRRIEDblueqat cloud. Amazon BraketiXE CEF 1> B 1 —F5=44%# W g <

IT Leaders, Tuesday, May 18, 2021
https://it.impress.co.jp/articles/-/21503

INISQ! [C&BEFI>Ea1—FItH. [Amazon Braket] HY\—RILZETFIFS
MONQist, May, 19, 2021
https://monoist.atmarkit.co.jp/mn/articles/2105/19/news050.html

AWSDET 1> E1—4F—H—EXTHRE. #FE0H UL FHRERES
Nikkei X TECH, May, 19, 2021
https://xtech.nikkei.com/atcl/nxt/column/18/00001/05597/

HLVBVNZv KTt EFHNFEEIoNnQOET 1> E1—45 —CIEEE
Nikkei X TECH, May, 18, 2021
https://xtech.nikkei.com/atcl/nxt/news/18/10382/

EBROEF > E1—45%ZAWSTHEX D Amazon BraketdDIRTE!H(S
IT media Enterprise, May, 25, 2021
https://www.itmedia.co.jp/enterprise/articles/2105/25/news096.html

X E1—F1>0D)\—RLETFS [Amazon Braket] dEJEEME
ASCII x AI, May 26, 2021
https://ascii.jp/elem/000/004/056/4056472/

VI N OVERHEETZEF I Ed—4—1%. IonQIEHEHNI TN ?
Nikkei X TECH, June, 11, 2021
https://xtech.nikkei.com/atcl/nxt/column/18/00692/061000057/

BRDIERAM [EF T — N FEHOEIL | “S0TE 2 B2
Diamond online, June 14, 2021
https://diamond.jp/articles/-/273722
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https://it.impress.co.jp/articles/-/21503
https://monoist.atmarkit.co.jp/mn/articles/2105/19/news050.html
https://xtech.nikkei.com/atcl/nxt/column/18/00001/05597/
https://xtech.nikkei.com/atcl/nxt/news/18/10382/
https://www.itmedia.co.jp/enterprise/articles/2105/25/news096.html
https://ascii.jp/elem/000/004/056/4056472/
https://xtech.nikkei.com/atcl/nxt/column/18/00692/061000057/
https://diamond.jp/articles/-/273722

ETHEBTE

EFAVEL—A2FZRANEERTILT) AL E#HFEE
https://www.jps.or.jp/books/gakkaishi/2019/09/74-09seriesAlphys1.pdf

Quantum Machine Learning Algorithms: Read the Fine Print, Scott Aaronson
https://scottaaronson.com/papers/gml.pdf

Quantum support vector machine for big data classification
Patrick Rebentrost, Masoud Mohseni, Seth Lloyd
https://arxiv.org/abs/1307.0471

Quantum Data Fitting
Nathan Wiebe, Daniel Braun, Seth Lloyd
https://arxiv.org/abs/1204.5242

Prediction by linear regression on a quantum computer
Maria Schuld, Ilya Sinayskiy, Francesco Petruccione
https://arxiv.org/abs/1601.07823

https://www.slideshare.net/KenjiKubo1/quantum-ml-algorithm

© 2021, Amazon Web Services, Inc. or its Affiliates. All rights reserved. aWS’


https://www.jps.or.jp/books/gakkaishi/2019/09/74-09seriesAIphys1.pdf
https://scottaaronson.com/papers/qml.pdf
https://arxiv.org/search/quant-ph?searchtype=author&query=Rebentrost%2C+P
https://arxiv.org/search/quant-ph?searchtype=author&query=Mohseni%2C+M
https://arxiv.org/search/quant-ph?searchtype=author&query=Lloyd%2C+S
https://arxiv.org/abs/1307.0471
https://arxiv.org/search/quant-ph?searchtype=author&query=Wiebe%2C+N
https://arxiv.org/search/quant-ph?searchtype=author&query=Braun%2C+D
https://arxiv.org/search/quant-ph?searchtype=author&query=Lloyd%2C+S
https://arxiv.org/abs/1204.5242
https://arxiv.org/search/quant-ph?searchtype=author&query=Schuld%2C+M
https://arxiv.org/search/quant-ph?searchtype=author&query=Sinayskiy%2C+I
https://arxiv.org/search/quant-ph?searchtype=author&query=Petruccione%2C+F
https://arxiv.org/abs/1601.07823
https://www.slideshare.net/KenjiKubo1/quantum-ml-algorithm
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About the event
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. Nielsen-Chuang® "Quantum
Computation and Quantum Information;
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Who should attend
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