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Gate-based QC

- Rigetti : BzEEFEWY b

- Aspen-M-3: 79 qubits, 2D topology architecture,
- lonQ: A KSYVT | &S

- Harmony: 11 qubits

 Aria: 25 qubits, error-mitigation

- Harmony : 36 qubits, reservation only via Braket Direct
- OQC:BzE=FtEwvh

« Lucy: 8 qubits, 3D architecture with Coaximon

FIAZ(CIE Uz Amazon Braket DR &%

An d lOg Q C I-L?Lima;f QPU family Per-task price | Per-shot price
«  QuEra : Rb F%JEF, Analog Hamiltonian Simulator (AHS) lonQ Harmony $0.30000 $0.01000
. Aq uila: 256 qu bits lonQ Aria $0.30000 $0.03000
0QcC Lucy $0.30000 $0.00035
QuEra Aquila $0.30000 $0.01000
\aW$7 © 2023, Amazon Web Services, Inc. or its affiliates.

Rigetti Aspen-M-3 $0.30000 $0.00035
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I. I. =  Braket Direct ®
a e I e c Braket Direct is an Amazon Braket program: Skip the wait and directly leverage device reservations, expert advice, and experimental capabilities, all in one ®

place.
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Reservations info

Skip the wait and reserve dedicated access to different quantum devices.

Reserve device

With reservations, you get exclusive access to the reserved quantum device for the duration of your reservation. You can queue quantum tasks and
hybrid jobs for an upcoming reservation using the Reservation ARN, or submit workloads during your reservation. Reservations are available in 1-hour
increments and can be cancelled up to 48 hours before reservation start at no additional charge. You are billed for the length of your reservation,
regardless of the utilized time. For more detalils, view our pricing page [4.

Expert advice info (6/6)

Get in touch with different quantum experts and get advice about your workload

Braket office hours

Braket experts provide free

1:1 office hours each month aWS
on a first-come, first-serve

basis. Each available office hour slot is 30
minutes.

QuEra

QuEra quantum computers
are based on Rydberg atom
qubits, which utilize internal states of
individual Rubidium atoms that are trapped
and manipulated using laser beams.

lonQ

lonQ trapped-ion quantum

computers are universal, gate- ﬁ
based machines using ionized

ytterbium atoms.

Oxford Quantum Circuits (0QC)
0QC quantum computers

are universal, gate-based OQC
machines based on superconducting qubits

built using proprietary "Coaxmon’
technology.

Connect [4 ‘ ‘ View services [5

‘ Connect [4 H View services [4

Rigetti

Rigetti quantum processors
are universal, gate-based

rigetti

machines based on superconducting qubits.

Connect [4 H View services [4 |

‘ Connect [4 H View services [3

Quantum Solutions Lab (QSL)
QSL engagements are

collaborative research aWS
programs that allow you to

work with leading experts in quantum

computing, machine learning, and high-
performance computing.

[Forte] I2&. R/ \—KDT )7
BEBEND 7 I AWMBITEHEREIND

Experimental capabilities info (1/1)

Get access to next-generation quantum hardware and features.

lonQ — Forte

Forte is lonQ’s highest-fidelity
commercially available device
and currently available with
reservation-only access via

CloudShell Feedback

© 2024, Amazon Web Services, Inc. or its affiliates. Privacy erms  Cookie preferences
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BlEHl 1: Amazon Braket ¥YR— RS Za L —45F—SV1 ZFIHLUChgZS> =1L — b9 3155
. O—HVRIBT3I0=2FE Y bOEFEIEEZLET. SV1($0.075 /) TDS =1L —>3 > FT(C4DHMHBDIHEE
- Amazon Braket OFIAREN 5124 BREE. O EAHED 1EBOERFIRZRNSH DT, $0

- FIARmEMNS125HZBZ5E. ($0.075 / 73) x 4 = $0.3

BEH 2 : Rigetti Aspen-M-3 EFI>E1—4A—TE2FPZI IV L%ERTIIES
. Aspen-M-3 T 10,000 =3 v hDEtE
« AR ITHIEDDRE $0.30 + (53 v ~EEAf $0.00035 x 10,000 =3 v ) = $3.80

Bl&EH 3 : QPU T Hybrid Job #2179 $1548
« AWS US West (N. California) U—=3>T347. GPU Z260FETUIHZS
« Task 7+ —=: 50 iterations x 2 tasks x $0.30 / task = $30.00
« Shots 7+ —=: 50 iterations x 2 tasks x 100 shots x $0.00035 / shot = $3.50
« GPUF+—=: ml.p3.8xlarge usage charges: ($14.688 / 60 minutes) x 26 minutes = $6.36

- 55t $39.86
aWs

N >) © 2023, Amazon Web Services, Inc. or its affiliates. 9



New!

lonQ Aria

Available Error mitigation with on-demand pricing
(over 2,500 shots, $0.03 per shot)

Arbitrary-Angle Mglmer-Sgrensen (AAMS) Gate

- Users can specify an arbitrary angle of rotation for Mglmer-Sgrensen (MS) gate
and run a partially entangling MS gate for the performance improvements to
certain circuits from reducing the circuit’'s gate depth.

Error Mitigation with Debiasing

- Debiasing mitigates the effect of coherent errors by randomizing their effect
across multiple circuit implementations. This improves the fidelity of the
normal distribution generated by the Quantum Circuit Born Machine (QCBM)
by 1.3% and the mean squared error (MSE) of the residuals by 3x.

Error Mitigation with Sharpening

- For circuits with sparse output distribution, it is possible to ignore inconsistent
measurements where only the number of times below the threshold value was

obtained, and further improvements can be made from the results of debiasing.

NN >) © 2023, Amazon Web Services, Inc. or its affiliates.
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Residuals

Trapped lon 25 qubits
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Braket Pulse

 Pulse-level qubit control
= Operation with analog pulses at a lower level access than quantum gates
= Supported on Rigetti and OQC devices

= Use-cases: qutrits, error mitigation, analog quantum algorithms

« Open sourced OQpy (OpenQASM 3 in Python)

https://docs.aws.amazon.com/braket/late
\aWS’ © 2023, Amazon Web Services, Inc. or its affiliates. St/d eveloperq U ide/bra ket_pu lse. html 11



https://docs.aws.amazon.com/braket/latest/developerguide/braket-pulse.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-pulse.html

Amazon Braket [C QuEra hBYEMENFE UK !

«  QuEra Computing
«  Rydberg (Ua1—RARV) [BEFICKBD7Z7FOT/\Z)L=77>>=aL—=3> (AHS)

. JOUSYIIVIREFT) A X (AT AE&F L (CHELE Uz Rydberg JRF) ZFAU T, HLK
DHDEFXR (EFAE KN BN (ITHEEL. TDADEVNEANRD [Semeghini, et
al., Science (2021), arXiv:2104.04119]

« https://aws.amazon.com/jp/blogs/quantum-computing/realizing-quantum-spin-liquid-
phase-on-an-analog-hamiltonian-rydberg-simulator/

Unitary time
- £ - o &5 o - evolution

...........

-------------

.............

Coherent
drive

.......

QuEra Computing with Physics of creating spin-pairs in a frustrated lattice.
Rydberg atom arrays
aws

N >) © 2023, Amazon Web Services, Inc. or its affiliates.


https://www.science.org/doi/10.1126/science.abi8794
https://www.science.org/doi/10.1126/science.abi8794
https://arxiv.org/abs/2104.04119
https://aws.amazon.com/jp/blogs/quantum-computing/realizing-quantum-spin-liquid-phase-on-an-analog-hamiltonian-rydberg-simulator/
https://aws.amazon.com/jp/blogs/quantum-computing/realizing-quantum-spin-liquid-phase-on-an-analog-hamiltonian-rydberg-simulator/

What is a neutral atom quantum computer?

arXiv:1707.04334

arXiv:2205.08500
Key features

 Individual control of Rydberg atoms via lasers held by a trapping potential in 3D
« Strong Rydberg interactions lead to a unit disk graph connectivity
« Dynamical control of the Hamiltonian parameters

aws

) —



Adiabatic optimization with the QuEra device
arXiv:2209.03965

B

Analog optimization
« The problem graph is encoded in a unit-disk (UD) graph

aws
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FIFEIRIE & Amazon Braket Python SDK
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In [3]: bell = Circu
print(bell)
print(f"\nser

it().h(@).cnot(e, 1)

ialized_circuit: {bell.to_i
T : |e|1]
q@ : -H-C-
|
ql : ---X-

bR [ 5 V|

"cnot"}]}

In [4]: result = simulator.run(be 11 $3_ de tinati
print(f"measur errent_( nts ult.
print(f"measurement

data = ["".join([str(bit) for bit in
plot = plt.hist(data)

serialized_circuit: {"instructions": [{"target": @, “"type":

shot]) for shot in result.measurements]

measurement_counts: Counter({'00': 50, '11':
measurement_probabilities: {'@@': 0.5, '11':

« YR —TRREHEBRRZHOVUYOITIUS LS
« Jupyter IIETEF7ILTUXLDEE - T - E17
. BEIBEINCHRRE (BT —KJwvD)

r().json()}")

"h"}, {"control™: @

f older).result() o

fon_fonder) resl Amazon Braket SDK Z1@ U CTF )\ A RIHEKEFEURVLWEF

b 1 t Ll‘i‘kull.' easureme

2nt_probabilities}")

@ED oo I:I-I_b\__l-

50})

aws

) —

ot - 47— 8L Rigetti, lonQ, OQC, 7——U>7J: D-Wave
. = =10l —%4:SV1, TN1, DM1
- BEFOEFEE/I\AMTJUYRS3T

© 2023, Amazon Web Services, Inc. or its affiliates.
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Amazon Braket 7—F+5JF v

3 AWS Cloud

- — ‘ Amazon Braket
NEZ— R —bhIwvo
Amazon S3
Crm— (FHEfERDIEH)
S8 g [E
Braket SDK
- TRZ—T R ETHE/\1TJUy RETE AWS Key
O0—73J)L IDE =L —4 ?P)o Management
O—H— = Service
(5 — 5 1%5E)
Amazon Braket
VAV
lonQ Rigetti 0QcC QuEra

£F/\—F2Jx7 (QPU)
aws
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Managed JupyterLab environments

File Edit View Run Kernel Git Braket Tabs Settings Help

| +] * & ¢ #| 1_Running_quantum_circui X -+ 60

IV~ RIQBARISE = ™ LR s L —
Q
* 7")4’)7\ ~N—) I/Z-_‘fﬂt:b“)j’) L1— © -/ Setup Circuit &
©

I{_\)D Amazon Bra kt SDK % (3: L‘\/&J t | getting_started / 1_Running_quantu

# function to build a GHZ state l[ff N Vv & F B

ij_ \\J ) l/ Name - Last Modified def ghz_circuit(n_qubits):
:F’ﬁ%% ® [A] 1_Runnin 14 min
. SO il function to return a GHZ circuit ansatz
‘= M circuit.png 11 hours ago input: number of qublits
* # instantiate circuit object

circuit = Circuit()

# add Hadamard gate on first qubit
circuit.h(0)

# apply series of CNOT gates
for ii in range(®, n_qubits-1):
circuit.cnot(control=ii, target=ii+l)

return circuit

# define circuit
n_qubits = 10
docs.aws.amazon.com/braket/latest/developerq ghz = ghz_circuit(n_qubits)

uide

Simple 0 E 1¢ Q} €2, Fully initiali conda_brak... Mode... @ Ln R 1_Running_guantum_circuits_on_s... 2 DJ

aws

N >) © 2023, Amazon Web Services, Inc. or its affiliates. 19


https://docs.aws.amazon.com/braket/latest/developerguide/braket-get-started-create-notebook.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-get-started-create-notebook.html

Amazon Braket SDK

£ FEIREDME LR
FRIX0T 3T ET) A RITHA
SATRRDIBH & Bif

O—HIVRIEBADA > X ~—)L

O—H)L=>=aL—%

amazon-braket/amazon-braket-sdk-python

aws

p

© 2023, Amazon Web Services, Inc. or its affiliates.

=

A Python SDK for interacting with quantum devices on Amazon Braket

vy Star [\ Notifications

() Issues 13 i Pullrequests 8 ) Discussions ) Actions

¥ main ~ Go to file

. math411 infra: stop flake8 running over the src directory twi 14 hours agc

jit-template/hooks
.github
bin
doc
examples
src/braket
test
] .coveragerc
Y .gitignore
| .pre-commit-config.yaml|
Y .readthedocs.yml
1 CHANGELOG.md
1 CODEOWNERS

| CODE_OF_CONDUCT.md

20


https://github.com/amazon-braket/amazon-braket-sdk-python

Amazon Braket CitEZET

@ aws_bell.py « Braket SDKEZ 1 —JLD1 >ik— b
| from braket.aws import AwsDevice
2| from braket.circuits import Circuit « F)\A/R (=1L —%/QPU ) %=&
3 RIS

device = AwsDevice("aws _device ARN")

- EFMORE. EF 005, 1—R
bell = Circuit().h(@).cnot(Q, 1) 169 3B
print(bell)

9 task = device.run(bell, shots=1000)
10 print ("Measurement Results") . SHEETEI(CERREAEYE
print(task.result().measurement_counts)

- BRUILT/I\ARXTTOVSLZET

© 2023, Amazon Web Services, Inc. or its affiliates. 21



Qiskit-Braket Provider

QiskitBaFY —JLF+wv M S Amazon Braket1— REETI D
https://github.com/qgiskit-community/qgiskit-braket-provider

4 P qiskit_connector.py

from giskit braket provider import BraketlLocalBackend

local simulator = ()
task = local simulator. (circuit, shots=1000)

aws

N >) © 2023, Amazon Web Services, Inc. or its affiliates.
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https://github.com/qiskit-community/qiskit-braket-provider

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
¥ ¥ Qiskit-Braket provider to execute Qiskit programs on AWS quantum computing
hardware devices through Amazon Braket.
LocalDevice AWSDevice
Table of Contents
Braket F Qiskit Backend gives access 0 Qiskit Job launches
T T T T T o Braket Deviee | Braket Task For Users
Qiskit
1. Installation
BraketLocalBackend AWSBraketBackend 2. Quickstart Guide
A A 3. Tutorials
| 4. How-Tos
Provider » Backend » Job 5. How to Give Feedback

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/

aws

) —

© 2023, Amazon Web Services, Inc. or its affiliates.


https://github.com/qiskit-community/qiskit-braket-provider/

PennyLane 7' Amazon Braket C=FOli& =¥ 3

PENNY
LANE
/WE>

adws
%)

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.

aws

= > © 2023, Amaz

\Y|

EmMEFEEY -l ZzE8FI>E1—FT120(C

SFMH IO S =22 % PyTorch X° TensorFlow ZfE> TLD
IE(CERTED

» EFHE/\AJVUY RETEZERER

v

INAIN DA - RBETEOEZEHNRGEH(C
» Amazon Braket CERIEHRNTEF1— KU FPILTI L I(CHAA

» BF, &b, IRFBEDOITITVT—>23>SAJ3SUILETD
28

> Amazon Braket Z{E> C10{GEERIIFED

on Web Services, Inc. or its affiliates. 24



Amazon Braket Stack

Algorithms and V

applications PENNYLANE

Circuits and
low-level control

Quantum Program
Specification

Service APIs

Hardware

aws
~—

Amazon Braket SDK

aid
@ QISkIt &?and more

AutoQASM* Braket.jl*

OpenQASM3.0
(+OpenPulse)

i‘j Tasks
1.,.,E Hybrid Jobs

*experimental

© 2023, Amazon Web Services, Inc. or its affiliates.
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Shots, tasks and jobs

lgo)- H /L H — LLLL] ::|||
lq1) o~ RO (D “”\I\ &/
Shot Task Hybrid job
Single circuit execution with Series of repeated shots Sequence of classical and
measurement instructions on on a device quantum compute cycles

a device (10s to 10,000s shots per task) (10s to 1,000s of tasks per job)

© 2023, Amazon Web Services, Inc. or its affiliates.




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

Variational Quantum Eigensolver (VQE, EB1E5TE) ¥ Quantum Approximate Optimization
Algorithm (QAOA, #EE&EmEIL) IREDEF - I/ \ 1T Uw R77)LTYVU X LAZRGEICET

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 - E.
User Braket Python SDK )
(Braket Notebook instance / Local IDE) Job Ins'Fance Quantu!‘n Device
or Management Console (Container) (QPU / Simulators)

aws

N >) © 2023, Amazon Web Services, Inc. or its affiliates.



Amazon Braket Hybrid Jobs T®R{39 % VQE

EF - H/\(TJUY RPITVUX A

| |

! 1

| |

| 1

| |

Create Job : Algorithm Script Quantum Task :

I ;

| f I 1

' K '

| |

! 1

User Braket Python SDK ; . :
(Braket Notebook instance / Local IDE) : Job Inst.ance Quantu[‘n Device :
or Management Console t (Container) (QPU / Simulators) :

HEETEH(CK D/ (SA—FFTE

g
D

T

(7

2) Ry (—m/2)

. NSA—YOREL - FYTF—~ ot I

agy : (1)

AEE T AR EEANTRD - ot <10

ou :10) > R-(0) |4

ISA—S7%5tE o

def circuit(params, wires):
gml.templates.AllSinglesDoubles(

PennyLane 5’(75U_CVQE7&’|§§$(:§EI\L’1‘_C35 params, wires, hf_state, singles, doubles)

o

&
&
[=]

===
=]

vy
3|

fan

opt = gml.GradientDescentOptimizer(stepsize=0.4)

o
‘‘‘‘‘
.......
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

https://github.com/aws/amazon-braket-examples/tree/main/examples/pennylane/3 Quantum chemistry with VOE
https://github.com/aws/amazon-braket-
examples/blob/main/examples/hybrid jobs/2 Using PennylLane with Braket Jobs/Using PennylLane with Braket Jobs.ipynb

aws

N © 2023, Amazon Web Services, Inc. or its affiliates. 29


https://github.com/aws/amazon-braket-examples/tree/main/examples/pennylane/3_Quantum_chemistry_with_VQE
https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Jobs/Using_PennyLane_with_Braket_Jobs.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Jobs/Using_PennyLane_with_Braket_Jobs.ipynb

VQE (Variational Quantum Eigensolver) on Amazon Braket

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

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

3. Al%E
A AE

4. ¥RATGR REICHBITDIITRILF—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 >) © 2023, Amazon Web Services, Inc. or its affiliates.
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-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
https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_quantum_algorithms/VQE_Chemistry/VQE_chemistry_braket.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_quantum_algorithms/VQE_Chemistry/VQE_chemistry_braket.ipynb

Amazon Braket QPU #3{&hBF ]

Availability Availability
UTC JST (BARBEME)
Rigetti Everyday, 04:00 - 06:00 UTC Everyday, 13:00 — 15:00 JST
Aspen-M-3 Everyday, 15:00 - 18:00 UTC Everyday, 0:00 - 5:00 JST
lonQ (Aria, Harmony) Weekdays, 12:00 - 03:00 UTC Tuesday-Saturday, 21:00-12:00 JST
Oxford Quantum Weekdays, 09:00 - 12:00 UTC Tuesday-Saturday, 18:00 -21:00 JST
Circuits - Lucy
QuEra Monday  01:00 - 23:59:59 UTC Tuesday 10:00 - 08:59:59 JST
Tuesday  00:00 - 12:00 UTC Wednesday 10:00 - 21:00 JST
Wednesday 00:00 - 12:00 UTC Friday 10:00 - 21:00 JST
Friday 00:00 - 23:59:59 UTC Saturday 10:00 — 08:59:59 JST
Saturday 00:00 — 23:59:59 UTC Sunday 10:00 - 08:59:59 JST
Sunday 00:00 - 12:00 UTC Monday 10:00 - 21:00 JST

) \A ADOBEEFEIMNCE = 3 T DEIT(SATEE.
EITIRICFSITICHO . FHRERFR (C/IRD EBIERE 3 T RITSNER TS ol 6t

aws

N >) © 2023, Amazon Web Services, Inc. or its affiliates.



HEEREH

aws

N 2 © 2023, Amazon Web Services, Inc. or its affiliates.



BMW Group O/RY b 7—LD RSSO MY
AWS JOJxITvS3FINY—ERICKDZIE

BMW
GROUP

BMW Group
Automotive
Germany
129,000

www.bmw.com

© 2023, Amazon Web Services, Inc. or its Affiliates

;&

Finding an optimal robot-
motion production plan for
polyvinyl chloride (PVC)
sealing of the car body is a
very hard combinatorial
optimization problem.

The goal is to process all
seams within a minimal time
span.

Automation of robot
program generation,
increasing the efficiency of
production facilities, and
streamlining
manufacturability tests
during the early design
phase.

BMW wanted to build
internal capabilities and
expertise in quantum
computing.

74

Implementation of the nature-
inspired Biased Random Key
Genetic Algorithm (BRKGA)
providing a comprehensive
solution to the PVC optimization
use case.

Extended Bayesian
hyperparameter optimization on
hosted Amazon SageMaker
notebooks.

Implementation of a quantum-
ready PoC on Amazon Braket,
using quantum annealing and
hybrid quantum-classical
approaches.

Proposal for a hybrid stacked
model where myriad of solvers

(such as quantum annealer) seeds

input to BRKGA.

4

Enabler for increased
efficiency, with about 10%
improvement in projected
runtime for sealing an entire
car body in production.

BMW Group gets access to a
general purpose, portable
optimization algorithm with
endemic encoding for any
sequencing problem.

Deeper understanding where
and when quantum
computing will become
relevant for BMW's business.



The Goldman Sachs Group, Inc.

EFARKEENR— I A UARBEIL

gomman

achs

The Goldman Sachs Group, Inc.
Financial Services

United States

Large Enterprise

www.goldmansachs.com/

The Goldman Sachs Group, Inc. (GS) is an
American multinational investment bank and
financial services company headquartered in
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Understand the utility of
established quantum
algorithms for solving real-
world financial use cases.

Carefully quantify the
guantum computational
resources required for
portfolio optimization.

Build on existing algorithms
to optimize performance
and reduce computational
overhead.

Perform a true end-to-end
resource analysis from
problem input to problem
output.

4

Map the portfolio
optimization problem to an
instance of second order cone
programming (SOCP).

Use a quantum algorithm for
SOCP to solve the problem,

which is based on a quantum
interior point method (QIPM).

Dive deep into the algorithm
and perform a careful
accounting of all quantum
computational resources
required at each step.

Develop new algorithmic
optimizations and quantum
circuits for implementing
each step of the QIPM.

I>RY—I> ROUY—ZH3HA
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Two publications:

1. Quantum Resources

Required to Block Encode a
Matrix of Classical Data
(arXiv: 2206.03505).

. End-to-end resource

analysis for quantum
interior point methods and
portfolio optimization
(arXiv: 2211.12489).

Detailed accounting of the
number of logical qubits,
the T-depth, and the T-
count (i.e., the
computationally expensive
quantum resources) required
to perform portfolio
optimization.
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https://aws.amazon.com/jp/blogs/news/event-report-braket-case-study-2022/

Amazon Braket Digital Badge
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https://explore.skillbuilder.aws/learn/
learning plan/view/1990/amazon-
braket-knowledge-badge-readiness-
path-amazon

< 2 © 2023, Amazon Web Services, Inc. or its affiliates. 38


https://explore.skillbuilder.aws/learn/learning_plan/view/1990/amazon-braket-knowledge-badge-readiness-path-amazon
https://explore.skillbuilder.aws/learn/learning_plan/view/1990/amazon-braket-knowledge-badge-readiness-path-amazon
https://explore.skillbuilder.aws/learn/learning_plan/view/1990/amazon-braket-knowledge-badge-readiness-path-amazon
https://explore.skillbuilder.aws/learn/learning_plan/view/1990/amazon-braket-knowledge-badge-readiness-path-amazon

dWS

\/‘7

Thank you!

Amazon Braket Technologies Blog

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

Amazon Braket GitHub Samples

https://github.com/aws/amazon-braket-examples
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Amazon Braket Examples

o amazon-braket /| amazon-braket-examples

Code (©) Issues 9 i) Pull requests 20 ) Discussions

amazon-braket-examples Pubiic

¥ 36 Branche 0 Tags

B _github
examples
nbi
testfinteg_tests

.gitattributes

.gitignore

CODEOWNERS

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

CONTRIBUTING.md

LICENSE
NOTICE
README.md

TESTING.md
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Example notebooks that show how to
apply quantum computing with Amazon
Braket.
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|ntr°&ucing the - ! . Introducing the Amazon Braket Learning Plan and Digital Badge

Amazon Braket = =3 { by James Whitfield, Sebastian Hassinger, and Zia Mohammad | on 27 NOV 2023 | in Amazon Braket, Quantum Technologies |

Learning Plan 2 TecHnoLO8T :
and ’ R et Permalink | # Share

Digital Badge
" " Available today, quantum computing developers, educators, and enthusiasts can learn the foundations of quantum computing on
Amazon Web Services (AWS) with the Amazon Braket Digital Learning Plan and earn their own Digital badge - at no additional cost.

You earn the badge after completing a series of learning courses and scoring at least 80% on an [...]
QUANTUM TECHNOLOGIES

P e A detailed, end-to-end assessment of a quantum algorithm for portfolio optimization, released by Goldman Sachs and

assessment of a IR AWS

:::‘f:::: ::;‘]:,:::ar:i;:r il § &y 3 by Alexander Dalzell, Mario Berta, Dave Clader, David Bader, Helmut Katzgraber, Cedric Lin, Martin Schuetz, Nikitas Stamatopoulos,

released by Goldman T % Grant Salton, and William Zeng | on 13 NOV 2023 | in Amazon Quantum Solutions Lab, Quantum Technologies | Permalink | # Share

o Sachs and AWS vy
httpS-//a WS- a m a y4 O n. CO m/b lo q S/ s ad ol N In this post we'll walk you through some key takeaways from a paper published today by scientists from Goldman Sachs and AWS
q u a ntu m CO m p uti n q/ ‘mwwmn describing a quantum algorithm for portfolio optimization.

Towards practical molecular : Towards practical molecular electronic structure simulations on NISQ devices with Amazon Braket and Kvantify's FAST-
electronic structure simulations VQE a lg orithm
on NISQ devices with N e

Amazon Braket and Kvantify's by Patrick Ettenhuber, Casper Kirkegaard, Katharine Hyatt, Marco Majland, Perminder Singh, and Stig Rasmussen | on 08 NOV 2023 | in
FAST-VQE algorithim Amazon Braket, Quantum Technologies | Permalink | # Share

3 \ Quantum computing's potential for computational chemistry is immense, but there are practical limitations. We show how Kvantify's
— FAST-VQE algorithm can deliver great accuracy, performance, superior cost-effectiveness, driving us closer to transformative
applications in drug discovery.
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