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BIXID=E7F77)L 3D X /s Quantum Algorithm Zoo

Quantum Algorithm Zoo

This is a comprehensive catalog of quantum algorithms. If you notice any errors or omissions, please
email me at stephen.jordan@microsoft.com. (Alternatively, you may submit a pull request to the
repository on github.) Your help is appreciated and will be acknowledged.

Algebraic and Number Theoretic Algorithms

Algorithm: Factoring

Speedup: Superpolynomial

Description: E_iyen an n-bit integer, find the prime factorization. The quantum algorithm of Peter Shor
solves this in O (n3 ) time [82,125]. The fastest known classical algorithm for integer factorization is

the general number field sieve, which is believed to run in time 200™) The pest rigorously proven
upper bound on the classical complexity of factoring is 0(2""““’“)) via the Pollard-Strassen algorithm
[252, 362]. Shor's factoring algorithm breaks RSA public-key encryption and the closely related
quantum algorithms for discrete logarithms break the DSA and ECDSA digital signature schemes and
the Diffie-Hellman key-exchange protocol. A quantum algorithm even faster than Shor's for the special
case of factoring “semiprimes”, which are widely used in cryptography, is given in [271]. If small
factors exist, Shor's algorithm can be beaten by a quantum algorithm using Grover search to speed up
the elliptic curve factorization method [366]. Additional optimized versions of Shor's algorithm are
given in [384, 386]. There are proposed classical public-key cryptosystems not believed to be broken
by quantum algorithms, cf. [248]. At the core of Shor’s factoring algorithm is order finding, which can
be reduced to the Abelian hidden subgroup problem, which is solved using the quantum Fourier
transform. A number of other problems are known to reduce to integer factorization including the
membership problem for matrix groups over fields of odd order [253], and certain diophantine
problems relevant to the synthesis of quantum circuits [254].

Algorithm: Discrete-log

Speedup: Superpolynomial

Description: We are given three n-bit numbers a, b, and N, with the promise thatb = a° mod N
for some s. The task is to find s. As shown by Shor [82], this can be achieved on a quantum computer
in poly(n) time. The fastest known classical algorithm requires time superpolynomial in n. By similar
techniques to those in [82], quantum computers can solve the discrete logarithm problem on elliptic
curves, thereby breaking elliptic curve cryptography [109, 14]. A further optimization to Shor's
algorithm is given in [385]. The superpolynomial quantum speedup has also been extended to the
discrete logarithm problem on semigroups [203, 204]. See also Abelian hidden subgroup.

Algorithm: Pell's Equation

Speedup: Superpolynomial

Description: Given a positive nonsquare integer d, Pell's equation is x2 - dy2 = 1. For any such d
there are infinitely many pairs of integers (x,y) solving this equation. Let (x;,y;) be the pair that
minimizes x + yv/d. If d is an n-bit integer (i.e. 0 < d < 2" ), (x;,y;) may in general require
exponentially many bits to write down. Thus it is in general impossible to find (x;, y;) in polynomial
time. Let R = log(x; + y;vd). | R] uniquely identifies (x;,y; ). As shown by Hallgren [49], given a
n-bit number d, a quantum computer can find | R] in poly(n) time. No polynomial time classical
algorithm for this problem is known. Factoring reduces to this problem. This algorithm breaks the
Buchman-Williams cryptosystem. See also Abelian hidden subgroup.
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For overviews of quantum algorithms | recommend:
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Childs

Preskill
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Childs and van Dam
van Dam and Sasaki
Bacon and van Dam
Montanaro

Hidary

Terminology

If there exists a positive constant a such that the
runtime C(n) of the best known classical algorithm
and the runtime Q(n) of the quantum algorithm
satisfy C = 22" then I call the speedup
superpolynomial. Otherwise | call it polynomial. For
areview of the 0, Q, 0, O, ... notations see the
Wikipedia article.

About

Author:

https://quantumalgorithmzoo.orqg/

aws

Quantum Algorithm Zoo£3R AZZ7IL7I

VXL

At 9 ZQuantum Algorithm Zoo iy V) — X D—iT 7,
BL ]"(/) Vo726 ﬂ__’))”‘[_, ]r(_”‘k’\ 7

o HiHE
o REFZNTY XL, BT LT XL
o A7 NT7NIY XA

e EPFNLITY AL, YIal—avyPAITYXA

FFAE PG ;o)I[l'H'C-*!i AN LT H DU FE - BINTH N ZIRT A4 7 7V (FGEERK)

BEZSNEL . TEHEFPRVERA S 2 LIcluabE(2 L)) eT 52 LT

7 7 MY B0 6 DI Z RO S ZEZ 5, O, MEZR ZoIct 77
WA b %2 T 208 H %, BoGbailiiht (query complt'\it\') L -

S, B bEitiihtoSpeeduptd, #43° L b [ U A 7 — )V TORERGH It o 865 % ik

TE2bIF TRV &I}

Algorithm: #£% (Grover Search, 7' 0—/\—#&%)
Speedup: ZIERK

SHim

N fEDOANZZINTEA T I VDBE 260D, HHANwDAB"NED"THD .,
ZhicHET 2 NIE 1 TH 2, 2RUNDETOANICKIET 20 TH 2, &
v QN) DREDE G EHE DL

N, w’i’m’)(f 5 [METdH B nﬁ\u['u"i

KBTI EERI7ILTYI R

o« ASOILTZIVTYRXI
o BTV RANL ==L —=23>FIITYRXN

https://www.gmedia.jp/algorithm-zoo/

© 2022, Amazon Web Services, Inc. or its affiliates.

25


https://quantumalgorithmzoo.org/
https://www.qmedia.jp/algebraic-number-theoretic-algorithms
https://www.qmedia.jp/oracular-algorithms
https://www.qmedia.jp/approximation-simulation-algorithms
https://www.qmedia.jp/algorithm-zoo/

© 2022, Amazon Web Services, Inc. or its affiliates.

26



SEF1>E1 —SYDORFECERDETIEN AT EEN

- EFEY MDD TES
- BIROIS—2&00 — MEF
. BFY — bORM
- BFEY b - BFS - NMIE5DENHD

EFEyY b EFEBOR/NEA

- EFEwv hbOIE—L > REFHE (GalFiE) AR
- STERBEIICERTOE—L > XEENMTDEVWEND D

m) =TFRDITIE DE

R DMMEND D, AT—ST IV DERBGRIRT —FFT I F v DIERNMNE

N =) © 2022, Amazon Web Services, Inc. or its affiliates. 28



2= FRDETIE (Quantum Error Correction)

- BRO=FEY hCEIL. 1:#mEsFE Y hEXRIR
« To—ZtREIUTIE UVVAREICIETT I DHLRE

Shor's 9 qubit code ['95]

v —o—HH—o—9o— |—o oD H—o—o—— |V = 5 = 4 SATHE 5

) ! l'* . 9BFEYRTIRESETEY hE
|()> . . N7 4 < - + + I\/j_ I{

1) — 4 H—e et Vi — H B

0 — [ . e AMEOEIS—%IECE3
0) —P— H-—e e oD HIH&

0) ‘ o E & l

0) 1 © D—e mpg%mw+mm®mw+mm®ww+mm
0) S H—e—» o o ([ e S :

| A lg) = ——(|{000) — |111 000) — (111 000) — |111
o) & | ] 15) = 7=(1000) ~ [111)) ® [000) ~ [111)) ® (J000) ~ [111)
0) S | e
Quantum circuit of the Shor code &J
aws

N—— © 2022, Amazon Web Services, Inc. or its affiliates.



mROFE (T5—L—h)

[n]

NISQ : Noisy Intermediate-Scale Quantum Technology

- A XHDFRAEEFT/\ 11X -
D <50=FEwW b
101 LHE BT =L —3> 9> Ak
102
@ NISQ
103 BER7Z T — g KRN EFEIND
mi?C%?j>El—9€@DT
104 HFEFUHLD !
1 10 102 103 104 10> 10° 107 108
SFEw RO 3 >100k2EFE W |
1: HBEtE TS =1 L —3 3> alke TITS—:TI AR CEFiTENHHETRZ 2R
2: Noisy Intermediate-Scale Quantum (NISQ) . _ o
3 TS—[EAFHREE LIV E1—4 U UKRFIRICFHEF (C (R DD
aws re:Invent 2019 (CMP213-R) h 5 k%

~ >) © 2022, Amazon Web Services, Inc. or its affiliates. 30


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

NISQ ZILOUX I

aws
p

© 2022, Amazon Web Services, Inc. or its affiliates.



NISQ (Noisy Intermediate Scale Quantum)

aws

)

50~8BEFEY FMAWT, 8RDETIENERITDET
(CBRRBEFI7ITVT—23>%FET

M)« AR EE I A 7LD U X L %aat e
ZHNENDS

SFHE/\(TJUyY RYU1—232TE, HHRT
VQE, QAOA, Quantum Simulation etc.

P EGRVER, BF I E 1 —5— [ FEHARD
F) A RCRBALEENE <. FEAEDI—H D
S0 REETT TR

NISQ R THREZZ 3T &(FR0V), FVTROEF
TS5w NIA—LDEEG. FEDEDESEREFT/N
ARCED TERRENBIDASRE R &

© 2022, Amazon Web Services, Inc. or its affiliates.

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.

Quantum. 2: 79. doi:10.22331/g-2018-08-06-79. S2CID 44098998

“NISQ is not likely to change the world all by itself.
Instead, the primary goal for nearterm quantum
platforms should be to pave the way for bigger payoffs
which will be realized by more advanced quantum devices
down the road.”
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Update Parameters

pennylane qml

pennylane numpy np
_______ o i
devl = gml.device( 'default.qubit', wires=1) f [} .
i & A — Evaluate
@qml.qgnode(devl) A ‘/2 > =i Cost
circuit(phil, phi2): , V ; :
1 ol Function
gml.RX(phil, wires=0) | x pomc I
gml.RY(phi2, wires=0) I ‘4; N ; .
gml.expval(gml.Pauliz(0)) I | '
T e e g
cost(x, y):
np.sin(np.abs(circuit(x, y))) - 1 | Prepare Evaluate Evaluate
Quantum Dataset  Quantum Classical
Model Model

dcost = gml.grad(cost, argnum=[0, 1])
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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
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Quantum Computing in the NISQ era and beyond

Building a fault-tolerant quantum computer using concatenated cat codes

John Preskill Christopher Chamberland,"? Kyungjoo Noh,' Patricio Arrangoiz-Arriola,'**
Earl T. Campbell,"* Connor T. Hann," * Joseph Iverson,''* Harald Putterman,'* Thomas
C. Bohdanowicz,"? Steven T. Flammia,' Andrew Keller,' Gil Refael,":? John Preskill,!:2
Institute for Quantum Information and Matter and Walter Burke Institute for Theoretical Physics, Liang Jiang,"* Amir H. Safavi-Naeini,"*3 Oskar Painter,"? and Fernando G.S.L. Brandao" 2
California Institute of Technology, Pasadena CA 91125, USA 'AWS Center for Quantum Computing, Pasad CA 91125, USA
30 July 2018 fIQIM, California Institute of Technology, Pasad CA 91125, USA
Department of Physics, Yale University, New Haven, CT 06511, USA
* Pritzker School of Molecular Engineering, The University of Chicago, Illinois 60637, USA
5 Department of Applied Physics and Ginzton Laboratory, Stanford University, Stanford, CA 94305, USA

Noisy Intermediate-Scale Quantum (NISQ) technology will be available in We present a comprehensive architectural analysis for a fault-tolerant quantum computer based on

7 3 cat codes concatenated with outer quantum error-correcting codes. For the physical hardware, we

the near future. Quantum computers with 50-100 qublts may be able to perform propose a system of acoustic resonators coupled to superconducting circuits with a two-dimensional

tasks which surpass the capabilities of today’s classical digit&l computers but layout. Using estimated near-term physical parameters for electro-acoustic systems, we perform

2 : < o 3 £ g 2 a detailed error analysis of measurements and gates, including CNOT and Toffoli gates. Having

noise in quantum gates will limit the size of quantum circuits that can be built a realistic noise model, we numerically simulate quantum error correction when the outer

executed reliably. NISQ devices will be useful tools for exploring many_body code is either a repetition code or a thin rectangular surface code. Our next step toward universal

: s 3 5 fault-tolerant quantum computation is a protocol for fault-tolerant Toffoli magic state preparation

quantum phySlCS, and may have other useful &ppllcatlons, but the IOO'QUblt that significantly improves upon the fidelity of physical Toffoli gates at very low qubit cost. To
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

achieve even lower overheads, we devise a new magic-state distillation protocol for Toffoli states.
Combining these results together, we obtain realistic full-resource estimates of the physical error
quantum gates and, eventually, fully fault-tolerant quantum computing.

rates and overheads needed to run useful fault-tolerant quantum algorithms. We find that with
around 1,000 superconducting circuit components, one could construct a fault-tolerant quantum
computer that can run circuits which are intractable for classical supercomputers. Hardware with
32,000 superconducting circuit components, in turn, could simulate the Hubbard model in a regime
beyond the reach of classical computing.

int-ph] 7 Dec 2020

https://arxiv.org/pdf/1801.00862.pdf https://arxiv.org/pdf/2012.04108.pdf
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“Building a fault-tolerant quantum computer using
concatenated cat codes”

by Christopher Chamberland, Kyungjoo Noh, Patricio Arrangoiz-Arriola, Earl T. Campbell, Connor
T. Hann, Joseph Iverson, Harald Putterman, Thomas C. Bohdanowicz, Steven T. Flammia, Andrew

Keller, Gil Refael, John Preskill, Liang Jiang, Amir H. Safavi-Naeini, Oskar Painter, Fernando G.S.L.
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propose a system of acoustic resonators coupled to superconducting circuits with a two-dimensional
layout. Using estimated near-term physical parameters for electro-acoustic systems, we perform
a detailed error analysis of measurements and gates, including CNOT and Toffoli gates. Having
built a realistic noise model, we numerically simulate quantum error correction when the outer
code is either a repetition code or a thin rectangular surface code. Our next step toward universal
fault-tolerant quantum computation is a protocol for fault-tolerant Toffoli magic state preparation
that significantly improves upon the fidelity of physical Toffoli gates at very low qubit cost. To
achieve even lower overheads, we devise a new magic-state distillation protocol for Toffoli states.
Combining these results together, we obtain realistic full-resource estimates of the physical error
rates and overheads needed to run useful fault-tolerant quantum algorithms. We find that with
around 1,000 superconducting circuit components, one could construct a fault-tolerant quantum
computer that can run circuits which are intractable for classical supercomputers. Hardware with
32,000 superconducting circuit components, in turn, could simulate the Hubbard model in a regime
beyond the reach of classical computing.
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Quantum Error Correction (QEC)
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Announcing the AWS Center for Quantum Networking

by Denis Sukachev and Mihir Bhaskar | on 271 JUN 2022 | in Amazon Quantum Solutions Lab, Announcements, AWS Center For Quantum Computing, Quantum Technologies |
Permalink | # Share

Over the last decade, governments and technology companies have invested heavily in research and development of quantum computers that have
the potential to revolutionize science and technology. While there is still a long way ahead, these investments have already transformed quantum
computers: They have evolved from delicate laboratory systems accessible to only a few research institutions to increasingly reliable and powerful
commercial machines available to researchers, developers, and even quantum enthusiasts worldwide via cloud services like Amazon Braket.

While quantum computing continues to be a major area of investment and progress for academic and industry researchers alike, it is only one
component of a broader class of quantum technologies. To unlock the full potential of quantum devices, they need to be connected together into a
quantum network, similar to the way today’s devices are connected via the internet. Despite not receiving the same level of attention as quantum
computers, quantum networks have fascinating possible applications. One of them is enabling global communications protected by quantum key
distribution with privacy and security levels not achievable using conventional encryption techniques. Quantum networks will also provide powerful
and secure cloud quantum servers by connecting together and amplifying the capabilities of individual quantum processors.

Quantum networks will leverage some technologies already deployed for modern optical communications, such as lasers, fibers, and detectors.
However, instead of strong laser beams, quantum networks require single photons — smallest building blocks of light — to connect quantum devices
together. Single photons enable many of the special capabilities of quantum networks and simultaneously pose the great challenge: quantum
mechanics prohibits their amplification limiting the network range. Also, the weakness of single photons complicates interfacing them with today’s
quantum computing devices. This means that special new technologies, such as quantum repeaters and transducers, will need to be developed in
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Announcing a research alliance between AWS and Harvard University

by Antia Lamas-Linares, Mihir Bhaskar, and Denis Sukachev | on 12 SEP 2022 | in Announcements, Quantum Technologies | Permalink | # Share

Quantum science is progressing rapidly: in recent decades it has emerged from textbooks to enable tools we use in everyday life, such as lasers and
GPS. Amazon, which is already involved in quantum computing, recently announced the creation of the AWS Center for Quantum Networking. That
effort will focus on a more overlooked facet of quantum technology: networking and communication, aiming to connect quantum computers into a
network, like the internet. Quantum networks could enable new technologies such as secure communication channels and powerful quantum
computing clusters. With this new technology, there are both engineering and scientific challenges to be resolved on the way to building global
quantum networks.

Today, AWS is announcing a research alliance with Harvard University to address the fundamental scientific challenges associated with building
quantum networks. For more than 20 years, Harvard researchers have been on the leading edge of quantum technology, with a diverse research
portfolio in solid-state physics, nanofabrication, quantum optics, and quantum computing and communications. Harvard researchers have been at the
forefront of solving important technical problems in quantum networking. In 2020, scientists from the Harvard Quantum Initiative performed a
groundbreaking demonstration increasing the usable range of a quantum network beyond the standard transmission limit using a quantum memory.
In addition to the cutting-edge research, Harvard has a nanofabrication facility at the Center for Nanoscale Systems, which is available for industrial
partners, and forms an ecosystem for many successful high-tech start-ups led by Harvard researchers.

The AWS Center for Quantum Networking is located in the Boston area, allowing for cooperation between scientists at AWS and Harvard. This new
AWS research alliance will further bolster scientific research and support education of a diverse group of quantum scientists and engineers by
providing funding for advanced quantum networking research, engineering, and fabrication. As noted in President Biden's recent directives, these
advances in quantum technology will not be possible without qualified researchers.

To support the development of a diverse quantum workforce, AWS established the “AWS Generation Q Fund at the Harvard Quantum Initiative.”
Generation Q will enable the Harvard Quantum Initiative to offer new fellowship programs for post-baccalaureates, graduate students, and postdocs
to train the next-generation of quantum scientists and engineers. Mikhail Lukin, a Harvard Physics Professor and the co-director of the Harvard
Quantum Initiative, underscores the importance of the Generation Q Fund: “There is a shortage of qualified quantum-educated workforce, and it's
not just physicists but engineers and even people involved in running these businesses. We're in a unique position to contribute: Essentially, all major
quantum research centers in the US and abroad have several faculty members and group leaders who have been educated at Harvard.”

This alliance will add a new chapter to a successful story of collaboration between Amazon and leading research institutions and academics, which
spans the fields from machine learning and artificial intelligence through health science and quantum physics.
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QuEra Computing with Physics of creating spin-pairs in a frustrated lattice
Rydberg atom arrays
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print(f"\nserialized_circuit: {bell.to_ir().json()}")
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serialized_circuit: {"instructions": [{"target": @, "type": "h"}, {"control”: @
"cnot"}]}

In [4]: result = simulator.run(be 11 3 destination_folder).result() [ ] I I I k S ;5 ' ) i , } \/]/ 2 ( 4& E ‘i ' /) L\ ?
print(f"measur e'rent_( nts ul(."vu uuwunt counts}™) A azon Bra et DK L' % Td\ E
print(f"measurement_pr b 1 t {result.measurement_probabilities}") @E _I_j:)\j'
data = ["".join([str(bit) for bit in shot]) for shot in result.measurements] = nyn
plot = plt.hist(data)

measurement_counts: Counter({'00': 5@, '11': 50})

measurement_probabilities: {'@@': 0.5, '11': .5} O b_ '\HU ngettl |OnQ, OQC 7_ IJ /0 D Wave
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import boto3
from braket.circuits import Circuit
from braket.aws import AwsDevice

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

device = AwsDevice("arn:aws:braket:::device/qpu/rigetti/Aspen-8")
s3_folder = (f"amazon-braket-output-{aws_account_id}", "RIGETTI")

bell = Circuit().h(@).cnot(@, 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/gpu/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"
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customer
~o supplied ——» braket-python-sdk
Amazon Braket 'CiFIJFEEJ‘ﬁE@ U—yEl > aws_session 4 Based on target device, the QPU
customers AWS session is altered 1o
Region Region Braket QPU talk to the region the device is in.
AWS
Name Endpoint
US East us- braket.us-east- lonQ SDK
(N. east-1 1.amazonaws.c
Virginia) om
Y
US East us- braket.us-east- Xanadu
(N. east-1 71.amazonaws.c Amazon Braket Amazon Braket Amazon Braket
Virginia) om (us-west-1) (us-west-2) (us-east-1)
US West us- braket.us-west- Rigetti
(N. west-1 1.amazonaws.c
California) om
US West us- braket.us-west- D-Wave Rigetti D-Wave lonQ |
(Oregon) west-2 2.amazonaws.c
om
EU West 2 eu- braket.us-west- 0QcC
(London) west-2 i'naqmazonaws'c Amazon Braket SDK TIEEDY -3 > CTERITSNcE2FI R T
B#NCIEELWI—>23> (v azEk. IL—FTa>0nNsd
aws 69
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Amazon Braket 57 A8JgEIX QPU &5 =1

QPU:

aws

o —

Quantum Processing Units (QPUs)

D-Wave — Advantage_system6.1

Quantum Annealer based on D:wave
superconducting qubits

Qubits Status

5760 © ONLINE

Region Next available

us-west-2 © AVAILABLE NOW

D-Wave — DW_2000Q_6

Quantum Annealer based on Dixwave
superconducting qubits

Qubits Status

2048 © ONLINE

Region Next available

us-west-2 © AVAILABLE NOW

Rigetti — Aspen-M-1
Universal gate-model QPU based on
superconducting qubits

rigetti

Qubits Status

80 © ONLINE
Region Next available
us-west-1 13:29:50

D-Wave — Advantage_system4.1

Quantum Annealer based on Dswave
superconducting qubits

Qubits Status

5760 © ONLINE

Region Next available

us-west-2 © AVAILABLE NOW

lonQ

Universal gate-model QPU based on trapped
ions 0

Qubits Status

1 © ONLINE

Region Next available
us-east-1 © AVAILABLE NOW

Oxford Quantum Circuits — Lucy

Universal gate-model QPU based on
superconducting qubits

oQC

Qubits Status

8 © ONLINE
Region Next available
eu-west-2 07:29:50

@ Hide retired devices

Xanadu — Borealis

®X/\N.’\DJ

Gaussian Boson Samplingon a
programmable photonic processor

Qumodes Status

216 © ONLINE
Region Next available
us-east-1 13:29:50

Rigetti — Aspen-11

Universal gate-model QPU based on
superconducting qubits

rigetti

Qubits Status

38 ® OFFLINE
Region Next available
us-west-1 (© UNAVAILABLE

lonQ: 11 Qubits, Universal gate model, 1 A> k5w

Rigetti: 80 Qubits, Universal gate model, #8{zi&
Xanadu: 216 Qumode Ot wv Y
D-Wave: 5760 & 2048 Qubits, EF 77——U >4

© 2022, Amazon Web Services, Inc. or its affiliates.

Simulators

Amazon Web Services — SV1

Amazon Braket state vector q J@

simulator

Qubits
34

Region
us-east-1, us-west-
1, us-west-2

Status
© ONLINE

Next available
© AVAILABLE NOW

—5

Amazon Web Services — TN1

Amazon Braket tensor network

simulator

Qubits
50

Region
us-east-1, us-west-2

Status

£

© ONLINE

Next available
© AVAILABLE NOW

Amazon Web Services — DM1

Amazon Braket density matrix P@

simulator

Qubits
17

Region
us-east-1, us-west-
1, us-west-2

\/l
1

Status
© ONLINE

Next available
@ AVAILABLE NOW

alb—4

SV1: 34 Qubit
DM1: 17 Qubit
TN1: 50 Qubit



Amazon Braket Hybrid Jobs
IINFR—D RREF - 5\ TJUwY R7ZJILTUXLDZELT

Variational Quantum Eigensolver (VQE, EB1{B515) ¥> Quantum Approximate Optimization
Algorithm (QAOA, #EE&E&iE L) RED=ETF - HE/\A T Uw R77)LTVU X LAZGEICELT

7)Y X /s Python (Amazon Braket SDK &7z (& PennylLane) Citit UEIL RiBEH D> FTTF %
FF. BYOC ©BJEE,

SF - 7))L TV XLAOEREREICSI IEITHIO SRR, ETHI8N3EAM>XFX
RIS DX ONET. E=FEH]

EEREAE P (LEIREINTZ QPU (TR 7O AN algerfzsd. DR, FHIn]gEREEHET/\
142 Uw R77)LTYU X LEZFET

Create Job Algorithm Script Quantum Task
A n .
User Braket Python SDK )
(Braket Notebook instance / Local IDE) Job Ins'Fance Quantu!‘n Device
or Management Console (Container) (QPU / Simulators)

aws

N—— © 2022, Amazon Web Services, Inc. or its affiliates.



Amazon Braket examples : > )L — KJ w2

H aws [ amazon-praketr-exampies ruoic

<> Code (5) Issues 2 19 Pullrequests ™M (® Actions (@ Securit

¥ main + amazon-braket-examples [ examples /

;) 29 authors Add embedded simulators examples (#145)

M advanced_circuits_algorithms Add embedded simulators exam
B0 braket_features Add embedded simulators exam
W getting_started Add embedded simulators exam
M hybrid_jobs Add embedded simulators exam
M hybrid_quantum_algorithms Add embedded simulators exam
[ pennylane Add embedded simulators exam
M quantum_annealing Removing need to specify S3in f

plt.ylabel('Ground-state energy for H2 [Ha]')

plt.legend()

plt.title("VQE computed ground-state energy of H2 vs bond-length for STO-3G basis vs HF and FCI')
plt.savefig('H2_PES_byVQE.png')

run_time = time.time()-run_time

print(f"Total running time: {run_time:.2f} s")

Total running time: 134.79 s
VQE computed ground-state energy of H2 vs bond-length for STO-3G basis vs HF and FClI

—0.27 — HF
— Fal
— VQE
—0.4
)
=
o~
I
S
€ 06+
2
[
c
Q
3
L]
% —0.8
©
c
>
°
(]
_1.0 .
05 1.0 15 2.0 25 3.0

Bond lenath of H2 [A]

Amazon Braket #59 <(CRXAAF—KTED
H> )L — NI WO ZEIR M

aws

VQE [C LD E2FHH/\1 TV w RFE
IKBEDFOMNT S vwILIHRILF—ETE

\;I © 2022, Amazon Web Services, Inc. or its affiliates.
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VQE (Variational Quantum Eigensolver) on Amazon Braket

1. 2FEvY MMCKBFEER
Jordan-Wigner ZE> 2 J TIL=HRFHMBSEFE Y bAD
JvE>D

2. Ansatz &#IHEA b1 7)) LEZR:
SRR | @) ZEK T DICHDOE=FOEE
UCCSD ansatz &/\S X—4 6 ZHU\\TCEFIRREZ LRk

3. Al%E
A AE

4. ¥RATGR REICHBITDITRILF—EtE
HEESTEE] (CPU) T/(S X —4 DB

https://github.com/aws/amazon-braket-
examples/blob/main/examples/hybrid quantum algorithms/V
QE_Chemistry/VOQE chemistry braket.ipynb

aws

N—— © 2022, Amazon Web Services, Inc. or its affiliates.
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3
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Ogt - |1

fan)
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.
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Uyl o |1

Our 1|0

Nt Smat N i

[=][=][=]
[=][=][=]

U"l:|0

-0.2 4

|
1
IS

rgy for H2 [Ha]
o
o

-0.8 1

Ground-state ene

-1.04

0.5 1.0 1.5 2.0 2.5 3.0
Bond length of H2 [A]

VQE computed ground-state energy of H2 vs
bond-length for STO-3G basis vs HF and FCI
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https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_quantum_algorithms/VQE_Chemistry/VQE_chemistry_braket.ipynb

Amazon Braket Hybrid Jobs T®R{39 % VQE

EF - H/\(/TJUY RPITVX A

|

|

:

|

Create Job Algorithm Script Quantum Task :

|

|

1

A ' 1 '
|

:

User Braket Python SDK . :
(Braket Notebook instance / Local IDE) Job Instance et Quantum Device :

or Management Console (Container) L. (QPU / Simulators) |

E I:I_I_ *7,%(:3:5} \OEX_QET% .. ’ Ansatz %ﬁﬁb\t 1#1 @E?n-l_

. SSA—SORBIL - FYTF -~ -

R_,-(ﬂ'/?) R.r(_ﬂ'/.z)
: : ogy : [1) (H}—& 5% {H}

N > N ; é ut +0) II—II D & IFI
@EEBI&F—FIETdZt%%L\t/KOD Z“I  |0) E & W & E
INSA—HZFTE .

opt = gml.GradientDescentOptimizer(stepsize=0.4) def circuit(params, wires):

— N - ' gml.templates.AllSinglesDoubles(
PennylLane 7’1/77U_C‘VQE7&FE§$(:“E VRN TE23  params, wires, hf_state, singles, doubles)

%,
.,

» ’0
'''''''''
------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------------------

https://github.com/aws/amazon-braket-examples/tree/main/examples/pennylane/3 Quantum chemistry with VOE

aws

v; © 2022, Amazon Web Services, Inc. or its affiliates. 74


https://github.com/aws/amazon-braket-examples/tree/main/examples/pennylane/3_Quantum_chemistry_with_VQE

QPU DI5:N

aws
p
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D-Wave

Advantage_system6.1
Advantage_system4.1

QPU Fx{Enbss

Availability

UTC

Everyday, 00:00 - 23:59 UTC
(24 Hours)

Availability
JST (HZARR)

Everyday, 00:00:00 - 23:59:59 JST
(24 Hours)

DW_2000Q_6

Rigetti Weekdays, 04:00 — 06:00 UTC Monday-Friday, 13:00 — 15:00 JST
Aspen-M-2 Weekdays, 15:00 - 18:00 UTC Tuesday-Saturday, 0:00 - 5:00 JST
lonQ Weekdays, 13:00 - 02:00 UTC Tuesday-Saturday, 22:00-11:00 JST

Oxford Quantum
Circuits - Lucy

Weekdays, 09:00 - 12:00 UTC

Tuesday-Saturday, 18:00 — 9:00 JST

Xanadu - Borealis

Weekdays, 15:00 - 17:00 UTC

Tuesday-Saturday, 0:00 - 2:00 JST

aws

P —

© 2022, Amazon Web Services, Inc. or its affiliates.
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Rigetti

aws
p
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Rigetti Computing FAY — FEBIESEFEY b

- BEB=FEY MIEDSNAS — M EFILDEFYS >
« Aspen>J—XF v
- BEEFEFEREAIZTBLEEFEY MCLDIEMICK
DfaE. AT —)L. REDEDIGHEIENE
- SAT T IER CETE Y MERE(L3E
RITBE CRUVLEZREFEY hEBEMNCU >

Rigetti Aspen =~ —XFwv . .
24 —5J)LRERE MROS. base-8TSAILFIFEN https://aws.amazon.com/braket/
=S IMEDEFE v NS hardware-providers/rigetti

The Rigetti 16Q Aspen-4

aws

N > © 2022, Amazon Web Services, Inc. or its affiliates. 85


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

Rigetti

Topology
4 3
5 2
6 1
7 0
Topology
4 3
5 2
6 1
7 0
aws

P —

v T KERk

Aspen-8
13 24 23
12 25 22
11 26 21
10 27 20
Aspen-9
13 24 23
12 25 22
11 26 21
10 27 20

Topology

4

Topology

4

© 2022, Amazon Web Services, Inc. or its affiliates.

Aspen-10
13 24
12 25
11 26
10 27
Aspen-11
13 24
12 25
11 26
10 27

34
35

36
37

34
35

36
37

33
32

31
30

33
32

31
30

4
45

46
47



Rigetti Aspen-M-2 3

Topology

v T &Rk

14 13 24 23 34 33 Ad 43
5 15 12 25 22 35 32 45 42
6 16 1 26 21 36 31 46 41
17 10 27 20 37 30 47 40
114 113 124 123 134 133 144 143
105 115 112 125 122 135 132 145 142
106 116 111 126 121 136 131 146 141
117 110 127 120 137 130 147 140
aws

p

© 2022, Amazon Web Services, Inc. or its affiliates.



Rigetti Chip Calibration Aspen-M-2

1=FEw MM— MMIX9 D Calibration 28 FEw hF— MNIX 9B Calibration

Calibration ’ Qubit specs ’ Edge specs ‘ JSON

Calibration l Qubit specs l Edge specs ‘ JSON

Last updated: Sep 19, 2022 21:16 (UTC) Info

Last updated: Sep 19, 2022 21:16 (UTC) Info

Q Qubit Q Qubit
Qubi o - Fidelity (RB) Fidelity Gl taneous e out A et Edge (Qubit pair) C-Phase gate fidelity (%) Info XY gate fidelity (%) Info CZ gate fidelity (%) Info
t (us) Info (us) Info (%) Info RB) (%) Info fidelity (%) Info fidelity (%) Info 0-1 81.904 +1.123 82.015 + 1.995 85.986 + 0.836
0 12.869 21.538 97.489 + 0.363 98.235 +0.164 78.800 93.800 0-7 82.563 + 1.255 87.779 + 0.860 83.724 + 1.869
1 56.364 7.088 99.697 + 0.018 99.579 + 0.034 92.800 97.300 1-16 96.284 + 0.737 97.439 + 1.234 93.162 * 2.466
2 21.237 21.585 99.899 + 0.007 99.818 + 0.008 98.600 99.750 1-2 88.008 + 0.758 84.935 + 0.703 81.605 * 1.045
3 69.485 36.988 99.916 + 0.020 99.885 + 0.043 94.700 97.700 10-11 91.250 * 1.037 93.434 + 0.932 96.237 +0.521
4 26.360 37.637 99.916 + 0.011 99.793 + 0.011 98.600 99.650 10-113 95.341 +1.117 - 98.923 + 0.387
5 47.744 110.757 99.734 + 0.034 99.908 + 0.120 97.400 99.200 10-17 97.315£0.881 96.516 £ 0.814 96.684 £ 0.691
aws

N > © 2022, Amazon Web Services, Inc. or its affiliates. 88



sFEw b D YZ177)LEIA (Native Gate Support)

e « Rigetti, OQC, lonQ C#HFHr]gE
4 3 14 13 24 23 34 33 44 43

5 2 15 12 25 22 35 32 45 42

6 1 16 11 26 21 36 31 46 ¢ cJ: D _I%‘ %rgrd:%¥fl:§"<ﬁz€ﬁﬂﬂ__\ﬂ"] (: ] > |\
7—0 17 10 27 20 37 30 47 [] _) [/

Rigetti Aspen-11 @ 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_ rewmng—True} — HARITEITHEITE|ZTIEE

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-qgubit-allocation/

aws

N > © 2022, Amazon Web Services, Inc. or its affiliates. 89


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 FIAEKEF(C. EE UICEFOIK%Z
B (CEIERMIREDIC) ZHEE T Error
mitigation Y2 F ¥ —THVA]HE

. Rigetti, 0QC, lonQ THFAE]EE
. disable_qubit_rewiring Z True (CTZWV

from braket.aws import AwsDevice
from braket.device schema.device action properties import

DeviceActionType
device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-
M-2")

device.properties.action[DeviceActionType.OPENQASM].supportedPragmas

https://docs.aws.amazon.com/braket/latest/developerguide/braket-
constructing-circuit.html?#verbatim-compilation

aws

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
a verbatim box, ic 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")

'0': 1%, '7'), '1': ('0', '16"), '10': ['11°, '17'), '11': ['10°, '12', '26'], '12': ('11', '13', '25'], '13': ['1
2', '14'), '14': ['13', '15']), '15': ['14°, '2'), '16': ['1', '17'], '17': ('10', '16'], '2': ['15', '3'], '20': ['2
1', '27'), '21': ['20', '22', '36'], '22': ('21', '23°, '35'), '23': ['22°, '24'), '24’: ['23', '25'), '25': ('12',

- TUPSRE T PRI T LN o b ieelt | P o D PR o AR T AR TR L TR e DIPTSR E L G T W b JE TR BT\ R - T

'32': ('31', '33'), '33': ['32', '34'), '34': ('33", '35'), '35': ['22', '34', '36'), '36': ['21', '35', '37'), '37':
('30°, "36'), "4': ['3', 'S}, '5': ['4", '6'), '6": ['S', "7}, 'T': ('0°, '6'))

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("2Q"]["10~11"])
print(rigetti.properties.provider.specs("2Q"])["10-17"]))

{'fCPHASE': 0.9370584109675574, 'fCPHASE_std_err': 0.00795074764345174, '£CZ': 0.9299243089381443, 'fC2Z_std err': 0.0
14825613277350928, 'fXY': 0.9745254923082562, 'fXY std err': 0.008192514619096408}
{'fCPHASE': 0.9814191643655765, 'fCPHASE_std_err': 0.003640156618078282, 'fCZ': 0.9901793460716128, 'fCZ_std err': 0.
002845237063339863, 'fXY': 0.9619550297476629, 'fXY_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)

*r ¢} e ] a1 | 2 | 3 | & | s |

ql0 :|-StartVerbatim-XY(0.785)-X¥(1.57)-Rx(3.14)-X¥(0.785)-EndVerbatim-
|

| |
qll i|=|=mmmmm—————m XY(0.785) | =mmmmmmmmmmm e XY(0.785) | —mmmmmmmmem
| | |
Ql7 | -wrsrrawsreren XY(1.57) EERRRERE RN
[ 2 R | 0 | 1 | 2 | 3 | 4 | 5 |

N > © 2022, Amazon Web Services, Inc. or its affiliates. 90
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lonQ

aws
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IonQ ki

Topology

A\
25

N

—w ) JL—> 3>

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

1-
v///“\\\v g- "braketSchemaHeader": {
‘ \\\\Q.l"“‘\"ll//“\ ‘5¥ },"ver'sion": i
[\ Q‘Py‘lll\ 6 "fidelity™: {
'A”.'s"i!g‘.‘.\> Z' 19m;.afn": 0.99717
- % L.
y‘—“i" 1’":“‘ 1| | Smean": 0.969
"."’"‘V"'é\ :1L§- }';pam": {
A 4 Ve ".-é 14 "mean": 0.9961
NS e )
AX KK T
AE PN .
' ‘ / 21 ::Eg:l:og.e?@Zl,
\ /,'A‘\\\“V gg "r'esgt"f 030822;75’
24}

25 [

11 EFEwy b &S (LY -XICRDACTI> RS

aws
p
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"name": "braket.device_schema.ionq.ionqg_provider_properties",
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1 A> bW ITZBHUZ IonQ DYFE

« lon Trap
EFEY N AAMEEINE Yo+ (FYFILEDL) BF
100AEE DBM(C K DIEREICTH 1 >SNz, (HRHZ

AAZBSVT) FifiEEN. A A ZHETD

B ICRD TIRTERIC DY T TBDEICKD., TRIE 1 X8
T < 12D

10-11 Torr OBEZEF+ > )V TEIHE

 Gate Configuration

L - —BE(CKDATY RiEE WENRESZEMHDRN) %=
Fepk 9 D ElC k> TEEEEH EIEE(C
B—FvI(CEFEY b S wY T ZEIEKRIEE

. BA7IEFEY hMMASFI—>. FBEOLRAFIIETFEY RET
HISADIEEY (C K DIRREZFAH L

aws

~ =) © 2022, Amazon Web S
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https://ionq.com/technology

lonQ DNEgEENR FE—T
Performance Benchmarks!

Qubits Average Fidelity Best Fidelity

Single-qubit gates on Single-qubit gates Single-qubit gates

79 Qubits >99% >99.97%

Two-qubit gates on all pairs up to Two-qubit gates Two-qubit gates

11 Qubits >98% >99.3%"

Minimum Fidelity Coming Soon: 32 Qubits

Single-qubit gat 2 ;
S We are currently gathering detailed

>99% performance data on our latest system,

which features 32 fully-connected qubits
Two-qubit gates

>96°/ * and an expected quantum volume of over
o

4 million.

more about this historic milestone —

t these data are from our benchmarking paper publsihed in nature communications. For the most up-to-date performance data, we recommend using the information provided by our cloud partners.

* not corrected for state preparation and measurement errors 2

© 2022, Amazon Web Services, Inc. or its affiliates.
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aws
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D-Wave s )/ —-—U>20

- BoESEFEY NIEDLK VU TJEFTILOEFIS >
- BEICESiSNEBIEE ISV IRXREFEY hD
Y NJ—0

- BEFEY MNIZITIVIUIESRT

« 2FEFEDQPU
-+ D-Wave 2000Q (20482F LW K)
 Advantage_system4.1 (5760&FEw )

i i>j
.- / “

Hising = —A:(ZS) (Z ‘“') B(S)(Z} s0) 4 Z Jii "‘j’ n(~1>>

B o . AR
Initial Hamiltonian Final Hamiltonian

MESZRRIZED D

~ =) © 2022, Amazon Web Services, Inc. or its affiliates.



D-Wave 2000Q k7

aws

P —

\!
|

FASOS5T
© 2022, Amazon Web Services, Inc. or its affiliates.
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IIWNA—D R T —hEFstES =L —%

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/sv1l")
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:
- 258FEY bhFTOOAYIRTONIAEST(CRiE
« SV EFETEDIRERNT N> =2 L —%
. INLFIYILRY ND—O3EaL—4
- DMLEETH>=aL—4

© 2022, Amazon Web Services, Inc. or its affiliates. 101
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EF5— MEFIDIR—SRSZ1L—%

. SV1 (REERO BNL>=aL—%4)
342FEwY hET Simulator
=SEEREARDLRZS =1 L — hajge
Square Circuit (R=34)DIHE 1~2 DT EIFR]

T I AL N T35MHSIRT (&RAS50iLEY) K TRITEIEE

« TN1 (2VILRY ND—02 =31 —%)
5027 EwW RET
EIEEDEE=100MU T
. ZJC—ZE. O—HILF— NERZZER. QFTERR S (CRE
A E(TISRS (L 6B5RS

- DM1 (BEEE>=1L—%)
J A4 X2 bO—)LAkE
RA17EFEY hET
5 JA)L N T35i5YRD (&RAS0iE5) FTEITOEIHEE
B A1 THRFfE] (368
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102D E{LZEEH I D Amazon Braket =1L —%

Update

CP
variational
parameters New
parameters
Objective
function

4

Calculate
expectation
value

Amazon Braket

aws

v"

B — (D ) B &40 0D By

450 —| ocal sequential
400
350
§ 300
3 250
i 200
I{HLT( 150
100
50
0

20 40 60 80 100

INS A= ZE

O—AJ)LS> =13l —%4: m5.12xlarge EC2 - > X > X + PennyLane

SV1: 30 *DAlIIT
Amazon Braket FTOWATHIRD

>=ZalLb—HFRD
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PennyLane 7' Amazon Braket C=FOli& =¥ 3

P£3N$%y
@ﬁ}

aWs
~_7

Defining a circuit

We will choose a simple two-qubit circuit with two controllable rotations
and a CNOT gate.

@qgml.gnode(dev)

def circuit(params):
gml.RX(params[0], wires=0)
agml.RY(params[1], wires=1)
aml.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.
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Embedded Simulators

Accelerate hybrid quantum-classical algorithms on Amazon Braket

using embedded simulators from Xanadu’s PennyLane featuring NVIDIA cuQuantum

Emam—

Users

Amazon Braket Console

PennyLane’s lightning.gpu simulator on NVIDIA GPUs
algorithm runtimes by up to 100X

a’ V_

Amazon Braket
Hybrid Jobs API

can reduce

Amazon CIoudWatch Amazon S3
Jobs Instance
[111]] Jobs Container i ’%{t
Algorithm code aru
LAl
I l On-demand
simulator
Jobs Instance
| Jobs Container
» .‘_. 3

Algorithm Embedded
code simulator

Amazon Braket Hybrid Jobs architecture:

© 2022, Amazon Web Services, Inc. or its affiliates.
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Qiskit-Braket Provider H* Amazon Braket (CHE X/t

«  Qiskit 7' Amazon Braket (C#E#t. lonQ 12 Aspen-M-1/2E S EXE7R QPU =E1TRJBE
. Qiskit VQE 72 EDJ7)L TV X In% Braket backend T3EATH]EE

:= README.md
Device » Task Qiskit-Braket provider
v v Qiskit-Braket provider to execute Qiskit programs on AWS quantum computing
hardware devices through Amazon Braket.
LocalDevice AWSDevice
Table of Contents
Dot il Qiskit Backend gives access T Qiskit Job launches
B ] B - 1 1 e el Boalcat Taak o For Users
Qiskit
1. Installation
BraketLocalBackend AWSBraketBackend 2. Quickstart Guide
A A 3. Tutorials
; | | 4. How-Tos
Provider > Backend > Job S

6. Contribution Guidelines

7. References and Acknowledgements

8. License

https://aws.amazon.com/jp/blogs/news/introducing-the-qiskit-provider-for-amazon-braket/
https://qgithub.com/qgiskit-community/qiskit-braket-provider/
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Quantum Computing

l ! l Amazon Braket
| |
- Rigetti (lBIzE)-80=FE WV b - D-Wave 2000 (#8{5¥) 2048 EFEWY ~
L e lonQ (A RSYIN-112FE Y K - D-Wave Advantage (H8{s8) 5760 =FEw ~
-« OQC(Bz8®)-8=2FEwV « Ocean SDK
' . 4

. Local Simulator-25 EFEwv

- SV1-34 EFEY KN DM1-17 EFEY K~
. TN1-50 2FEwvw ~ |

HEFI1>E1—4

« Xanadu (JtZ=F) - 216 EFE— K
« Strawberry Fields library

« QUBO solver (Meta-Analytics) - 400,000 _/ — R
« SBM (Toshiba) - 10,000 ./ — &
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. EF¥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-M-1 $0.30000 $0.00035
OQC Lucy $0.30000 $0.00035
Xanadu Borealis $0.30000 $0.0002
. BT

oig> =3 L —4
«  SV1 simulator $ 0.075 / min ($ 4.5 / hr)
DM1 simulator $ 0.075 / min ($ 4.5 / hr)

TN1 simulator $ 0.275 / min ($ 16.5 / hr)
FIFEIRIE Amazon SageMaker notebook E1T (SR &EERE
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BlEfHl 1: Amazon Braket ¥YR— RS Za L —45—SV1 ZFIHLUChIgZS> =1L — 93155
302FEY hMFERIIEFEEZEETL. =1L —>3>0FTICE6973 (1.1585/) hh o TziEs,
5.175 )L = 165fddp/2D4.50 <)L x 1.15
(SVIDEITICHIW DRI, &/ MSHWEIOEHREL/RDET)

Bl 2: D-Wave2000Q EFA>E1—4A—TEF 77—V IRBEZETI DIEE
— > JRRED2,0000D4ER T > TILH S FNTULVEIHEEDHI X IDETIR M
0.68RJL = R THI=DDFE 0.30 RIL + (23w bz D DfiF&(30.00019 RJL x 20005 3w )

£l&Hl 3 : Rigetti Aspen-M-1 EFA>E1—4—TEF 7NV LEZETITIIES
[EligE%E1T0D10,000EIDfEN IR L 3w MHIESFENTUVWDIGEDIRITDET IR M
3.80 RJL = HRXTHBI=DDRIE 0.30 RIL + (33w k= DDAfig(30.00035 RJL x 10,0005 3w )

NHR—T RS =31 —4—ERigettiT /(A XCEFRIENB S 3 v hDOFERAEL100,000, Dwaved KlonQF /N1 X D& (410,000
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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/reference/services/br
aket.html

« GitHub - Python Braket SDK
« https://github.com/aws/amazon-braket-sdk-python

« GitHub - Amazon Braket Examples

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