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TOYOTA

Engineering and Commonwealth Fusion Toyota Wrap-up and
design at AWS Systems (CFS) outlook
Walker Stemple Nate O’Farrell Phil Reuter

Senior Director,

Global Manager, Head of IT Infrastructure : ) :
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Engineering and Design
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Product complexity
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g' ¢ Millions

o Medium safety risk

= Years of dev and ops
$ Thousands
Nuisance/lost $ possible

2 Months of dev and ops

-

Development cost & risk
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$ Billions
Potential high risk
Decades of dev and ops

High



Engineering modernization journey

Digital Ei\A/SS
engineering N

journey
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Network and tools
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journey . ; : : : AWS Professional

Cloud )
Journey Services
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Open Industrial Data Architecture

AWS Cloud
o_0O Applications
Soa 3 — ..
. :I —_— Application Application Application
. 0 C—= SIEMENS {\ AUTODESK. /Ansys
Soa
Environment

.‘. — ) Pipelines Security ,fb Logging |:@ Auth
Cl/CD Infrastructure === AWS CloudTrail = Identity/Access

[ ] ° (] and network
[ L
i L =
Monitoring Governance Ingress 7| Dashboards
Q Amazon CloudWatch — ] Best practices Elastic Load < > Service management
Balancing (ELB)
Infrastructure
g . Compute K __ 2 Storage Networking m Orchestration
3 |:| F Amazon EC2, (E) Amazon RDS, Amazon VPC, Amazon EKS,
T~ AWS Fargate K N filestorage subnets, CNI Amazon ECS

This is not a complete list. To view all AWS Partners for this category, visit AWS Partner
Solutions Finder. This list of partners is current as of October 18, 2022.
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Engineering and design R

AWS services (build) Use cases AWS solutions (build)

» Computer-aided » Integrated Digital Engineering on AWS
engineering « Scale-Out Computing on AWS
* Engineering Datalake « EFS-to-EFS Backup

* Engineering VDI
* Product digital twin
Semiconductor EDA

This is not a complete list. To view all AWS Partners for this category, visit AWS Partner
Solutions Finder. This list of partners is current as of October 18, 2022.
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Commonwealth Fusion
Systems (CFS)

Nate O'Farrell
Head of IT Infrastructure
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CFS is on a path to deliver commercial
fusion energy

Founded by and
201 8 spun out of MIT

$ 2 B + Raised from a diverse

group of investors

S Employees in a high-caliber,
350 diverse team

dws
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What and why?
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New clean energy source to combat climate change

The Hill
Climate change is no longer a B
future problem ,

The opportunity
California’s wildfires are 500 percent
larger due to climate change

Commercial Fusion Opportunity

total electricity [ TW ]

The Washington Post
After a blistering heat wave boosted

by climate change, Europe just
notched its hottest June on record

fission

hydro

olar
0 other renew

MIT Technology Review
2010 2020 2030 2040 2050

Welcome to climate change

Cover for The Climate Issue
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What is fusion?

Helium

Hydrogen Fusion

\Af/
>

» v 4 \
Hydrogen

Neutron
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Fusion benefits

0 B @ &

Huge amount of Inherently Zero carbon Economically
energy potential safe competitive

Limitless, clean, fusion energy

dws
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CFS timelines

Completed: Completed: . Construction underway for :  Early 2030s:
Alcator C-Mod  : Demonstrate groundbreaking ~ : 2025 launch: . ARC deployed

Record-setting : HTS magnets . SPARC ¢ >200 MW
tokamak : - Achieve net fusion energy

Commercially-relevant net
fusion energy for the first time

Carbon-free.commercial
power on the grid
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Construction of commercial fusion campus in
Devens, MA
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Technical challenges

Large-scale simulations need to be completed to
inform decision-making for manufacturing

End-user workstations are not powerful enough or
fast enough to complete medium-scale simulations

residential networks

Dynamic and frequent changes in requirements,
scope, and priority require highly flexible
advanced solutions

e Further impacted by hybrid employees with

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Before AWS

000 ! O gg
——|.-—o— DD ) -
Sy [ E — ] =
S— 8@ 8@ BD @%

Individual Shared Testing Data storage
high-power on_premises third-party limitS
workstations compute SaaS HPC
providers
Not fast, not flexible
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Building usable, scalable compute

- AWS GovCloud (US) - High performance Windows and

"+ 150-200K cores/month - Linux VDI nodes using SOCA/IDEA
. consumption — over 1M total .| = Hpcb6a.48xlarge
» Average 2,500 cores/job - = Gd4dn

- Non-ephemeral storage using

"+ Some jobs — 50K+ cores
i Amazon FSx for NetApp ONTAP

------------------------------ User experience is intrinsic to success -

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Results: Distributed computing

Neutronics server

® 32 CPU
® OpenMP (32 tasks)

® Estimated computation 20-deg
SDDR: ~56 days (including
manual file setups)

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
S

Amazon Web Services

160 nodes MCNP/17 nodes
FISPACT, 15,360 cores

OpenMP and MPI for MCNP

Estimated computation 20-deg
SDDR: ~3 days (including manual
file setups)




Distributed computing with MPI

Instances (160) info

15,360-core single job on 160 hpc6a.48xlarge

| Instance state ¢ ? ‘ Clear filters
2 bin]# pbsnodes
vnode state njobs run  susp ’;‘?‘: ﬂ;:l;:s “’;‘;‘t’s n?;:s Sobs Name Instance ID Instance state Instance type Status check Alarm status Availability Zone
ip-10-97-180-212 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca-gov-compute-job-2345 I-03¢ d6c0s @ Running | hpc6a.48xlarge @ 2/2 checks ' No alarms us-gov-west-1b
ip-10-97-152-174 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-184-160 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 s0ca-gov-compute-job-2345 i ; ® Running 1] hpc6a.48xlarge © 2/2 che ed Noalarms us-gov-west-1b
ip-10-97-181-171 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 =
ip-10-97-165-160 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 ) o _ o
ip-10-97-135-46 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca-gov-compute-job-2345 : ® Running | hpec6a.48xlarge @ 2/2che Noalarms us-gov-west-1b
ip-10-97-185-133 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-164-59 job-busy 1 1 0 370gb/370gb  0/36 0/0 0/0 2345 s0ca-gov-compute-job-2345 i 2392 0 ® Running ) hpc6a.48xlarge © 2/2 che ed Noalarms -+ us-gov-west-1b
ip-10-97-142-88 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 = :
ip-10-97-184-214 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 i i . ~ o
ip-10-97-135-56 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca- compute-job-2345 C 78 d @ Running | hpc6a.48xlarge @ 2/2 Noalarms = us-gov-west-1b
ip-10-97-148-123 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-167-22 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 _gov- -iob-: | ydadg 62.48 - Y e _ov- -
b-10-97-136.43 job_busy 1 1 0 37095/37000 /o6 /0 070 2348 soca-gov-compute-job-2345 @ Running L= hpc6a.48xlarge @) 2/ Noalarms us-gov-west-1b
ip-10-97-179-140 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 ~ o
ip-10-97-142-8 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 s0Ca- compute-job-2345 7 @ Running L hpc6a.48xlarge @ 2/2 3 a: No alarms + us-gov-west-1b
ip-10-97-161-75 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-164-70 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 _aov- -iob- 10142 - ca 48 2/2 OV~ .
o 10-97-187-176 Jonbesy 1 1 0 3700bi370gn 0796 o7 270 2345 soca-gov-compute-job-2345 ® Running ) hpc6a.48xlarge @22 Noalarms us-gov-west-1b
ip-10-97-173-123 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 ) _ i _ o
ip-10-97-162-52 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca- compute-job-2345 @ Running L hpc6a.48xlarge @ 2/2 No alarms = us-gov-west-1b
ip-10-97-167-71 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-145-54 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 _aov- -iob- i-0 217650 ca 48 2/2 OV~ .
po10-57-174-187 Jobebuy N N 0 370gbr3Teqh 0796 o0 570 2345 soca-gov-compute-job-2345 2f5 ® Running ) hpc6a.48xlarge @22 Noalarms us-gov-west-1b
ip-10-97-142-104 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 ) _ _
ip-10-97-185-212 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca-gov-compute-job-2345 a2 7 ® Running 1S hpc6a.48xlarge 2/2 ed Noalarms - us-gov-west-1b
ip-10-97-180-254 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-170-61 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 N -iob-: 0 - " 6o AR 5 ecn P ~
ip-10-97-137-72 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca compute-job-2345 / 7 (& Running | hpc6a.48xlarge 2 No alarms = us-gov-west-1b
ip-10-97-162-28 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 ) _ _
ip-10-97-153-110 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca-gov-compute-job-2345 de ® Running L) hpc6a.48xlarge 2/2 ed Noalarms -+ us-gov-west-1b
ip-10-97-133-187 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-153-19 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 soca-gov-compute-job-2345 Dfc3dC @ Running hpc6a.48xlarge ed Noalarms - us-gov-west-1b
ip-10-97-144-42 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 ? ;
ip-10-97-170-7 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 ) o _ _
ip-10-97-148-110 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca-gov-compute-job-2345 7 @ Running | hpc6a.48xlarge e Ne alarms -+ us-gov-west-1b
ip-10-97-162-24 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-187-21 job-busy 1 1 0 370gb/370gb  0/96€ /0 0/0 2345 soca-gov-compute-job-2345 i-Ob5ef © Running hpc6a.48xlarge ed Noalarms = us-gov-west-1b
ip-10-97-160-187 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 N ;
ip-10-97-181-48 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 ) o _ ~ _
ip-10-97-145-248 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca-gov-compute-job-2345 i-Ofe13db @ Running | hpc6a.48xlarge ed Noalarms - us-gov-west-1b
ip-10-97-156-133 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-185-128 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 _gov- _iob-: 054 a £ 48 . _aoy- _
15-10-97-147.23 jobobusy 1 1 0 3709h/370gb 0/9 0/0 070 2345 soca-gov-compute-job-2345 i-054a1bcbalb77de @ Running L= hpc6a.48xlarge Noalarms us-gov-west-1b
ip-10-97-136-127 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 ) _ ~
ip-10-97-144-107 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca-gov-compute-job-2345 3bba7 @ Running | hpc6a.48xlarge asse Ne alarms -+ us-gov-west-1b
ip-10-97-167-34 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-188-228 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 _gov- -iob-: £o 48 . P _
b-10.97-152.86 job-busy 1 1 0 370gb/370gh 0796 /0 070 2315 soca-gov-compute-job-2345 6 @ Running L= hpc6a.48xlarge / Noalarms us-gov-west-1b
ip-10-97-141-23 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 i ~
ip-10-97-155-150 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 s0Ca- compute-job-2345 C a @ Running L hpc6a.48xlarge e No alarms + us-gov-west-1b
ip-10-97-186-57 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-171-169 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 _aov- _iob- i-0 ca 48 . R _
D10-57-175-183 Job-busy 1 1 0 3700mr3700  0r9e oo o0 2348 soca-gov-compute-job-2345 3 @ Running L€ hpc6a.48xlarge No alarms 4 us-gov-west-1b
ip-10-97-176-60 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 i ~
ip-10-97-154-86 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca-gov-compute-job-2345 C © Running , hpc6a.48xlarge ed Noalarms = us-gov-west-1b
ip-10-97-158-192 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-155-9 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 _aov- -iob- | 5 ca 48 R S .
D-10-57-135-121" Jobebuy N N 0 370qbs3Teqh  0/96 o0 270 2345 soca-gov-compute-job-2345 ® Running ) hpc6a.48xlarge ed Noalarms -+ us-gov-west-1b
ip-10-97-129-188 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 ) _ _
ip-10-97-135-201 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca-gov-compute-job-2345 £ @ Running 4= hpc6a.48xlarge 2/2 o No alarms us-gov-west-1b
ip-10-97-160-58 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-168-65 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 _aov- -iob- | 62.48 2 8 _COV- :
ip-10-97-182-207 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca-gov-compute-job-2345 @ Running | hpc6a.48xlarge ed Noalarms - us-gov-west-1b
ip-10-97-153-113 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345 ) o i _
ip-10-97-136-78 job-busy 1 1 0 370gb/370gb 0/96 0/0 0/0 2345 soca-gov-compute-job-2345 @ Running 4= hpc6a.48xlarge 2/2 o No alarms us-gov-west-1b
ip-10-97-175-167 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
ip-10-97-174-150 job-busy 1 1 0 370gb/370gb  0/96 0/0 0/0 2345
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Accelerated particle tracing calculations:

32 days > 32 hours

1.2e+02
100
80

Helical ion trajectory

E
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— 20
 0.06+00 Shadow smearing
¢ —
el " flux, B
v4
LY

Tile Region 4 (T4)
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Example helical ion

trajectory \

A

Shadow smearing

\ . 1.2e+02
.- - -_-_:.-_:. - _-'.--_ _ _I-:_-lE:)D'-- -

. MW/m 2

. — 0.06+00
Multiple leading
edges

) Toroidally running gap;

0 HEAT gyro-orbit algorithm
e Looby et al., “3D ion gyro-orbit heat load
> predictions,” https://doi.org/10.1088
[1741-4326/ac8a05



https://doi.org/10.1088/1741-4326/ac8a05
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Launch new Virtual Desktop

Session Name

SimulationS

Name is required
Operating System
Sele perating syst

Amazon Linux 2

Software Stack

Select the software stack for

Amazon Linux 2 - x86_64

Enable Instance Hibernation

(e ]

Virtual Desktop Size

Select a virtual desktop insta

Q gddn.16xlarge

Storage Size (GB)

Ente

150

Show Advanced Options

(e ]
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Launch new Virtual Desktop
Session Name

Simulation6

Operating System

Windows

Software Stack

Windows - x86_64

Enable Instance Hibernation

on saves the

Virtual Desktop Size

Select a virtual desktop instar

Q  hpc6a.48xlarge

Storage Size (GB)

Enter the storage size for your virtu

300

Show Advanced Options

e




eVDI

Virtual Desktops

Simulationé
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IDEA\nofarrell
[

& DCV Session File @
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What's next

Build ® Test ® Learn

Bring limitless, green, fusion power to the grid

aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



‘"Using HPC to run incredibly complex
simulations and to streamline our ,
engineering and design processes has
been imperative to achieving our
goals and timelines for SPARC."”

Bob Mumgaard

CEO, Commonwealth Fusion Systems

aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



Toyota Motor North America

Phil Reuter
Senior Director, Engineering Transformation

aWS, © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



Development

Production

Logistics

Sales and m
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Building a better vehicle design

TOYOTA

Business need

Engineerin can
work toget

seamlessly
regardless of
their location

aws



» Resistant to new ways of working

} because what we have been doing
E / works fine

» Changing the fundamental ways of
working for over 20 years

Challenges
moving to
the cloud

« New ways of working within IT with
@ an extension of the data center

« Paradigm shift with security
mental model

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
)



RiD &) S5

Enhance employee Drive continuous Improve productivity & Increase development
satisfaction improvement operational efficiency velocity




Solution

PATH TO FINDING AN AWS SOLUTION

® Rana multi-month PoC to mimic production
to test AWS technology

® Explored Amazon WorkSpaces and
Amazon AppStream

® Used Integrated Digital Engineering
on AWS solution to orchestrate NICE
DCV

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
S

KPls

HOW WE MEASURE SUCCESS

® Time to open files

® Benchmarking
engineering performance

® User experience

® Remote work capability



Proven results

aws © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved
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Solutions
for your
engineering
journey

Modernize your product
and production design
efforts using innovative
cloud solutions

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Quick start remote desktops

Using on-demand temporary or permanent
engineering desktops NICE DCV, Amazon
Appstream 2.0, Amazon Workspaces

Centralized experience for digital engineering

Utilize engineering collaboration with IDEs for your
engineering tools; e.g., AWS open-source reference
Integrated Digital Engineering on AWS

Innovate with AWS

Artifact store — smooth transition from document-
to model-based approach

Serverless workflow automation — Automate
human machine (hybrid) workflows

Include digital twins — AWS loT TwinMaker



For more information:

https://aws.amazon.com/industrial/engineering-design/

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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https://aws.amazon.com/industrial/engineering-design/

Thank you!

Nate O'Farrell Phil Reuter Walker Stemple

nofarrell@cfs.energy phil.reuter@toyota.com wsstempl@amazon.com

® https://cfs.energy

@cfs.energy
Y @CFS_Energy

[waeres] Please complete the session
'8

survey in the mobile app
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