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Cloud Plays a Critical Role in Automotive Transformations
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Key reasons engineering workflows move to the Cloud
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Start with the Cloud Usage Framework
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Run MATLAB & Simulink in any Cloud Context
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Run MATLAB & Simulink in any cloud context
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Run MATLAB & Simulink in any Cloud Context
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Stellantis Virtual Engineering Workbench Will Streamline Software
Development Workflows

Stellantis Virtual Engineering Workbench (VEW)

- Self-service portal

-~

[\r:\l Tools 1--; Targets Environment

Automation

Presented at AWS Re:Invent 2023 -
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New Considerations for Interactive Design and Development on the
Cloud

« MathWorks ‘4%\
— Common user experience for

all contexts Local PC
= YOU
— What is the right cloud ‘ A0 \@ Y'Y=
context?
Virtual Desktop Browser-based

= Control and flexibility
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MATLAB and Simulink Cloud Usage Framework
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Scaling Compute and Data

_ = &3 DER

Scale locally with GPU or Connect to cloud data
multi-core
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Scaling Compute and Data

@ £3 YER

Scale locally with GPU or Connect to cloud data
multi-core
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Scaling Compute and Data

& &3

Scale locally with GPU or
multi-core

Access more capable
compute resources at scale
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Scaling Compute and Data

@ £3 DEER

Scale locally with GPU or Connect to cloud data
multi-core
Access more capable Connect to cloud data

compute resources at scale
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Orchestration
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Scaling Vehicle Simulations

7N
S RIVIAN

Scaling
Vehicle
Simulations

Adithya Vignesh Jayaraman

Senior Toolset Engineer, Attributes & Performance

25% April 2023

RIVIAN Scaling Vehicle Simulations

Link to user story (search MathWorks Rivian)

S MathWorks Automotive Conferen
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Simulations for Everyone
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Leaders Range & Efficiency F'E"fo_'“ﬂ“CE Dynamics Engineer Weight Management
Engineer Engineer Engineer
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Scalable, easy-to-use tool to configure, run and post-process large number of simulations

88n M

Simulation Engineer Modeling Engineer
: i = AR = AL
= = |~ =T g it Commercial
I software
RIVIAN scaling Vehicle Simulations c MathWorks Automotive Conference 2023

Types of Parallel Simulations

| Parallel Remote

AWS 12 Wntance
[ﬂ Rureing W94/ A1

™)

Parallel Local |

* Run simulations of local cores of user’s machine * Run simulations of a remote cluster

* Used for testing model updates and changes * Used to run simulations with released models
* Uses Parallel Computing Toolbox * Uses MATLAB Parallel Server/MATLAB Job Scheduler
* Limited by physical cores * Limited by cluster resources and MPS licenses

* parpool and parfeval * parcluster

RIVIAN Scaling Vehiche Sieulations MathWorks Automotive Conference 2023
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NeW ReqU|rementS fOI’ SCa|Ing ':: ' 5 Parallel Computing Toolbox Plugin for Kubernetes

Version 2.0.2.0 (41.2 KB) by MathWorks Parallel Computing Toolbox Team

Submit jobs to MATLAB Parallel Server with Kubernetes
https://github.com/mathworks/matlab-parallel-kubernetes-plugin

= MathWorks

— Building tools that can scale on any cloud 10,000 Workers with 64

environment while providing a common user Threads each — 640,000
experience cores of computation

- Parallel Language for end users 2023
= Technology and licensing to scale

C m 23 cloudcenter.mathworks.com

Cloud Center

MATLAB

Name Release IP Address Operating Provider
System

MATLAB R2021b AWS & R2021b 10.0.0.250 E] Linux Amazon AW

MATLAB R2022a AWS & R2022a 10.0.0.209 E] Linux Amazon AW:

MATLAB Parallel Server

Name Release Operating System Provider
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Parallel Computing Toolbox Plugin for Kubernetes
Version 2.0.2.0 (41.2 KB) by MathWorks Parallel Computing Toolbox Team

Submit jobs to MATLAB Parallel Server with Kubernetes
https://github.com/mathworks/matlab-parallel-kubernetes-plugin

New Requirements for Scaling

i[E[E] & [5]3]E
EEE;EEE
T

= MathWorks

— Building tools that can scale on any cloud
environment while providing a common user

10,000 Workers with 64
Threads each — 640,000

experience cores of computation
- Parallel Language for end users 2023
= Technology and licensing to scale
= You = C @ 2% cloudcenter.mathworks.com/resou

Cloud Center

— Running at scale is a journey, not a “one and
done” activity.

— Building processes that let you scale from desktop MATLAB
to ClOUd Name Release IP Address :::::I::ng Provider
— Working across the organization with other teams, ATLARROZIDANS £ 00070 0 s
MATLAB R2022a AWS & R2022a 10.0.0.209 [7) Linux Amazon AW,

including IT, and departments

MATLAB Parallel Server

Name Release Operating System Provider
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MATLAB and Simulink Cloud Usage Framework

Interactive Design &
Development

Scale

4 @

Deploy & Operate
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Cl & Test involves automating the build and test of MATLAB code
and Simulink models

——

Build and
A Test Reports Py

Cl
4 %4— o
PAEN / | [E=) [
Source Code
*i Repository

PN R RETROTRUTORORY -
Developers - Your Cloud N Vendér Cloud
& GitLab

C|rcle0|
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Containers are the basis for Cl build agents and environments

ﬂ“docker hub  Q SearchDocker Hub

Explore mathworks/matlab

mathworks/matlab @ verified publisher ¥
By MathWorks « Updated 8 hours ago
Docker container for MATLAB

Image

Overview  Tags

Supported tags
Tags MATLAB® Version  Operating System Base Image
llllll , r2823b R2023b Ubuntu 22.04 ubuntu:22.04
ZZZZZZ Ubuntu 20.04 ubuntu:20.04
QQQQQ b Ubuntu 20.04 ubuntu:20.04
R2022a Ubuntu 20.04 ubuntu:20.04
r2e21b R2021b Ubuntu 20.04 ubuntu:20.04
ZZZZZZ Ubun b
QQQQQ b Ubuntu 20.04 ubuntu:20.04

&« > C & github.com/mathworks-ref-arch/matlab-dockerfile

‘= README.md

& Pulls M+ —

1 Create a MATLAB Container Image «

Docker Pull Command This repository shows you how to build and customize a Docker® container

aaaaaaaaaaaaaaaaaaa matias [ for MATLAB® and its toolboxes, using the MATLAB Package Manager (mpm).

You can use this container image as a scalable and reproducible method to
deploy and test your MATLAB code.

You can also download prebuilt images based on this Dockerfile from here.

A container is an executable package

MATLAB & Simulink Containers on Dockerhub }Ilcatlon and all It{ Docker files on GitHub 1
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Continuous Integration workflow with Model-Based Design
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Continuous Integration workflow with Model-Based Design
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Scripts v’ﬁ
= Tests v’ﬁ
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E LaneFollowingModel AdviserChecks.m v
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Manage using Projects

MathWorks AUTOMOTIVE CONFERENCE 2024
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Continuous Integration workflow with Model-Based Design
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Continuous Integration workflow with Model-Based Design
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Continuous Integration workflow with Model-Based Design

Results: 2017-Jan-19 13:34:39

Result Type: Result Set
Parent: None
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£ 2N ATLAB® Test Report
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Considerations for Cl and Test on the Cloud

er container for MATLAB

— Container ecosystem “

Create Batch License Token
. . r223s ® Success
| I Ce n SI n g zzz; This is the only time that a license token is completely visible. Make sure you keep
r2021b

your own use. If you need a new token you need to create one from the My Accoun

Jockerhub @, SearchDocker Hub
Explore mathworks/matlab
. mathworks/matlab @ verified publisher ¥
By MathWorks « Updated 8 hours ago
Do

zzzzzzzzzzz

& Download .csv file

Created On Batch License Token
[ | YO u 20/08/2020 AasldkjaBgeoqowied0923IknjasldOuu1230upijsifsdpfiu

— Evolving software
development practices

31



MathWorks AUTOMOTIVE CONFERENCE 2024

MATLAB and Simulink Cloud Usage Framework

Interactive Design &
Development

Scale

- \

Deploy & Operate

7
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What Is a microservice?

“Microservices are an architectural and organizational approach to software
development where software is composed of small independent services that
communicate over well-defined APIs.”

aws.amazon.com/microservices

33
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Creating a microservice from MATLAB/Simulink in 2 steps

HTTP RESTful Endpoint

= for kelmax % =281,
_Ilﬁgl = 20*](.09 + docker docker !0

_C(t)mplclzeT)I/:our cr?_de/model Create a Docker container that has: Microservice container can
ntoa archive 1. Ubuntu be shared/hosted royalty-free
2.  MATLAB Runtime (optimized for size)
3.  Yourcode
4 An HTTP server to respond to the API

>> compiler.build.productionServerArchive >> compiler.package.microserviceDockerImage

34
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Using a Simulink microservice

A Azure
/ e Spin up a Kubernetes cluster that \

scales the microservices

Compile 3DOF example

into microservice with msoee ~
Simulink Compiler + Push microservice mﬁgﬂﬁﬂ'ﬂ. \
MATLAB Compiler SDK intoJACR _ < <> i
Azure Kuberneies Service (AKS) ! ! :
4 e g |
22 ~ 1
dgr !! —— m_ i n :
4= [Pl 1T} | - i J
MATLAB Microservice N o o o e e e o e o e ———— ’

Azure Container
Registry

An event triggers a logic app
to retrieve the data and call

the microservice e
>
h
< The results are retrieved and

saved back into the database
e Azure SQL Azure Logic App

- /

Populate parameter data
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New Requirements for Deploying and Operating MATLAB/Simulink
Models on the Cloud

« MathWorks

e Enabling MATLAB and Simulink code/models as microservices
e |Integration with Cloud technologies like Docker/Kubernetes

e Logging/monitoring for observability

e Footprint reduction

e YOU

e Working with IT and others in the organization to build the right architecture
and infrastructure or learning how you plug into what exists

e Learning how to do 24x7 operation and to meet SLAs

e Building observability into your applications

e Measuring reliability and responding to outages (DORA, etc.)

36
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MATLAB and Simulink Cloud Usage Framework

Interactive Design &
Development

Scale

, O

Deploy & Operate

()

\.
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Our Cloud Philosophies

« Enhancing and integrating are equally important
= Cloud represents a new platform (like Win/Mac/Linux)

= Evolving our own software for cloud involves significant
evolution of MATLAB/Simulink

- Evolving MATLAB to support your online workflows

38
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Enhancing and Integrating are equally Important

Enhance Integrate
Desktops Collaboration Containers
= - & OneDrive d"“i'
D J:L -:1 a E> docker kubernetes
. . n\fI.DIA,
Coding Tools and Services l ' Coding and Data Science GPU CLOUD
Platforms -
(w) oS uSEEa
GitHub Jel?i}ns GitvLab a J;):t/er )q Visual Studio Code ) k"
O M. &
Data Access GitHub . ’ 2ure Machine Learning _
Files *ggnazon @hﬂdﬂﬂﬂ % Parquet e Public Clouds
LY gwhoLe & aws . A
Data - Streamingg kafka  KRabbit e TR databrieks S0 /A Azure —
Stores Data ¢
Usage starts from MATLAB MATLAB is started by somebody else
MATLAB needs to be enhanced to access MATLAB needs to be integrated into these
online technologies environments

39
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Integrating four widely used toolchains for SDV

powered by aWS
N—

<) MathWorks . SYNoPSYS

Virtual Vehicle Simulation in MATLAB & Simulink Road-ready Automotive Software Virtual ECUs in Synopsys Silver

Automotive Software Development in the Cloud
< » MathWorks:

Infotainment (Android Automotive OS)

-300.000

AWS FOR AUTOMOTIVE =] .

-350.000

it

-400.000

arge Curren|

|

current limit: -316.80  charge current limit: charge

® ~ [205.18] Adaptive AUTOSAR HPC - received discharge
- [206.18] AUTOSAR HPC - received discharge current limit: -310.69  charge current limit charge: 6.

[267.19] AUTOSAR HPC - received discharge current limit: -310.68  charge current limit charge: 6.

[208.20] AUTOSAR HPC - received discharge current limit: -310.69  charge current limit: charge: 6. -

[269.20] AUTOSAR HPC - received discharge current limit: -310.60 charge current limit: charge: 0. -500.000
Adaptive AUTOSAR HPC - received discharge current limit: -310.09  charge current limit: charge
Adaptive AUTOSAR HPC - received discharge current limit: -310.69  charge current limit: 102. charge

212.22] Adaptive AUTOSAR HPC - received discharge current limit: -310.60  charge current limit: charge:

Vehicle Control Unit (Adaptive AUTOSAR)

Adaptive AUTOSAR HPC - received discharge current limit 3 charge current limit charge
Adaptive AUTOSAR HPC - received discharge current limit X charge current limit: arge
Adaptive AUTOSAR HPC - received discharge current limit charge current limit charge
Adaptive AUTOSAR HPC - received discharge current limit g charge current limit: charge
Adaptive AUTOSAR HPC - received discharge current limit: -310.80  charge current limit charge

Battery Management System (Classic AUTOSAR)

[281.62] AUTOSAR ECU - sending discharge current charge current limit: 162 charge:
[281.62] AUTOSAR ECU - sending discharge current charge current limit: 162 charg
[282.62] AUTOSAR ECU - sending discharge current limi charge current limit: 162 charge
[283.62] AUTOSAR ECU - sending discharge current 1 charge current limit: 162 charge:
[284.62] AUTOSAR ECU - sending discharge current 1 charge current limit: 162 charg

L]
[285.62] AUTOSAR ECU - sending discharge current charge current limit: 162 charge
[286.62] Cl AUTOSAR ECU - sending discharge current charge current limit: 102
[287.62] Cl AUTOSAR ECU - sending discharge current L charge current limit: 162
[288.62] AUTOSAR ECU - sending discharge current 3 charge current limit: 102
[289.62] AUTOSAR ECU - sending discharge current charge current limit: 102
[296.62] AUTOSAR ECU - sending discharge current limit charge current limit: 162
[291.62] AUTOSAR ECU - sending discharge current charge current limit: 162

L 2 [292.62] AUTOSAR ECU - sending discharge current : charge current limit: 182 charge
Application Code from Model

ECU Simulation
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Cloud represents a new platform (like Win/Mac/Linux)
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Evolving our own software for cloud involves significant evolution of
MATLAB/Simulink
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MATLAB
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Evolving our own software for cloud involves significant evolution of
MATLAB/Simulink

MATLAB
Desktop

MATLAB
Compute

MATLAB API




Evolving MATLAB to support your online workflows

Collaboration
and
Integration

Cloud Center Docker / Kubernetes VS Code MATLAB Production
Server
MATEAB Online Connected Desktop JupyterHub MATLAB Parallel
S Server

Software
Development
Workflows

MATLAB Test MATLAB / _S|muI|nk MATLAB / Simulink GitHub / GitLab
Compiler Coder
Enildbee! MATLAB / Simulink B 100 Standards
Projects

Package

Management

Foundations

Modular Execution Code Analysis Extension Points

MathWorks AUTOMOTIVE CONFERENCE 2024
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Our Cloud Philosophies

« Enhancing and integrating are equally important
= Cloud represents a new platform (like Win/Mac/Linux)

= Evolving our own software for cloud involves significant
evolution of MATLAB/Simulink

- Evolving MATLAB to support your online workflows

45



MathWorks AUTOMOTIVE CONFERENCE 2024

We're Ready When You Are....

.‘l MathWorks-

Not sure where to start? S

— Cloud usage framework
— mathworks.com/cloud Resources for Using MATLAB and Simulink in th

There are many ways to use MATLAB and Simulink

CATEGORY

We Can h e I Interactive Design and Development
Using MATLAB and Simulink

Interactive Design and Developmer
Simulation and Design Exploration at

- ACCO u nt team Scale with MATLAB and Simulink and Simulink

visit one of the pages below.

Integrate MATLAB and Simulink into CI Hosted by MathWorks
and Automated Test Systems
- C I O u d @ I I I athWO rkS . CO I I l ! Access MATLAB in your web browser without neec
o Deploy and Operationalize MATLAB Code software locally.

and Simulink Models into Production

- MATLAB Online

+ Simulink Online

= Tech showcase

= Soft Dev Session at 4:15

— “How Cloud-Based Virtual Vehicles Can Help You Build
Your Next-Gen Software” 26


mathworks.com/cloud
mailto:cloud@mathworks.com

MathWorks AUTOMOTIVE CONFERENCE 2024

Technology Showcase

simuQuest  ToSHIBA EcOTRON [Ji] vector > dSPACE Clinfineon - ew eagle

speedgoat
SIITH U3315)

MATLAB and Chat GPT

Data Driven Engineering
with Al and ML
Entrance

MATLAB and
Virtual Vehicles Simulink in the Cloud

Large Scale Models Qualcomm
Urban Automotive
autonomy Development
Roadrunner Platform

Next presentation starts at 10:30 AM
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