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Vehicle Software complexity is growing

Today’s vehicles

T= T
Number of ECUs Lines of code
>100 100-150M

Fully software-defined vehicles

Number of ECUs Lines of code
(] [ ]
Decreasing Increasing
with centralized compute due to new functionality,
architectures in new highly automated and
vehicle platforms autonomous driving

Software-defined vehicles journey
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Key Challenges

o Qo

) o
0 HYPERSCALE
Lo

Thousands of cores of compute
for development and
validation. TBs of data to
collect, ingest and store every
day translates into PB scale
data processing, storage and
management problem.
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Key Challenges

AGILITY & SPEED

Optimized software
engineering to reduce
development and validation
costs and enable faster Time
to Market. Future proof R&D
cycles. Integrated and Agile to
rapidly innovate.
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Key Challenges

PB scale data storage and large
scale compute costs, managing
fleet operations, significant
capex of on-prem compute, lack
of AV expertise requires
significant human investment.
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Key Challenges

kﬂ ) SAFETY

Safety of passengers and
surroundings are top of mind of
AWS, customers and vehicle
end users. Decisions are moving
from human to vehicle.
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Key Challenges

Integration of multiple first party and

Interoperability and seamless
ECOSYSTEM P Y
PLAY third party workload specific tools.

1
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Key Challenges

E/E Modern vehicles have several tens of
N0 / Electronic Control Units, making the

COMPLEXITY system hard to test and update.

12



MathWorks AUTOMOTIVE CONFERENCE 2023

Key Challenges

cOQ° 0
°7<\ GLOBAL, SECURITY, Global fleet requires managed service for complex operations, attain data and
° @@3 DATA PRIVACY security compliance across the globe.
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Enter SDV: definition

SDV is a vehicle whose functions can be
updated, secured, and personalized

throughout its lifetime.

The insights generated from SDV improve

current and future generation of vehicles.
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Breaking down SDV

Hardware
abstraction

SW lifecycle
management

Vehicle data
management

Enabling a seamless experience between a developer's
local environment, the cloud, and the vehicle

Auto DevOps Platform to increase SW quality, developer
productivity, and provide better security and governance

Enabling automotive customers to unlock enterprise-wide
value from connected car data

15
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How cloud can help

i N {ij

[ ] C ) I‘
Virtual Virtual Electronic Automotive-Native
workbenches Control Units (VECUSs) Amazon Machine

Images (AMIs)

(Automotive SW running in the cloud natively)
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Automotive Development “Infinity” Workflow

Data Management,
Processing& @ i . 2 g

Production Analytics . HD Maps
Fleet AMAZON GLUE © /
AWS EMR, DYNAMODSB, AMAZON
AWS AURORA, LOCATION
AWS OPENSEARCH, SERVICE
AWS IOT FLEETWISE
Intelligent Specialized
Offline & Storage Compute
Test Fleet Online
Ingestion
9 o) Ao (T
10101010 [] AMAZON SAGEMAKER Labeli
10101110 OUTPOST GROUND TRUTH abeling
Data, AWS IOT CORE ) .
Software, Automotive Data Lake
ML Models, ;;E;('J() 10111 VI \I)(l)\I} le :(])(])E;LI) II\I i()() 101 I()(; ;E)
HiL Rigs HD Maps 11000110000101001100001001010111
210111007107071007100001007101017,
“ CS/MS/RS/G4/GSQ 2T1071111107T7107000111100170174 SAGEMAKER, DL AMI
‘ INSTANCES 100001010011000010072 P3/P4/G4/G5 EC2
Verification & EC2 SPOT AL INSTANCES
PR . AWS FSX LUSTRE AWS FSX LUSTRE, EFA
Validation '
Developers ‘ Model & algorithm
Desktops

Simulation
(VECU, SiL, SoftHilL)

Developers Workbench AWS BATCH
(Native AMIs, DevOps, MLOps,| AWS DevOps

Stacks, CI/CD Pipes, Target | AWS PARALLEL CLUSTER
Builds, Test Management) AWS ELASTIC KUBERNETES SERVICE (EKS)

MANAGED WORKFLOWS WITH APACHE AIRFLOW (MWAA)
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Engineering Workbench / Customers

“Software is at the forefront of “Both Companies are Creating a ﬂi\sa": hisn o

innovation in cars. With our CAEdge cloud-based product development Rt
platform, we are establishing a new environment called the “Virtual e e ot e o e o e s
approach to developing vehicle Engineering Workbench,” which s NG FS

architectures and software in the provides automated workflows to -

automotive industry. We have found a manage software development and

strong collaborator in AWS to help us testing, high-performance

accomplish this task and will continue simulations, machine learning model

to expand our leading role in the field of training, and data collection and

automotive software” analysis. ”

(©ntinental %

The Future in Motion
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Cloud-Native Software Development

19



E/E Architectural Evolution

Traditional Architecture

000 0 6o
000 0 6o
000 8 o-go

Legacy

Domain Architecture

ADAS/AD
Domain
Controller

IVI/Cluster Powertrain
Domain Domain
Controller Controller

Today
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Zonal Architecture

Central
Compute

High Performance Computer

In-Car

Central
Compute

Ethernet
TSN
Switch

Zonal
Gateway

Ethernet
TSN
Switch

Zonal
Gateway

Actuators

Zonal
Gateway

Next Generation
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Cloud-Native In Automotive Is A Journey

Microservices Based
Monolithic Automotive Stack Automotive Stack

Automotive Cloud Automotive Cloud

cl/co ML Ops cl/cp ML Ops
Orchestrator s0€ Virtual Orchestrator SoCVintial
Platform Platform

Monollthlc App

Container Englm
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Microservices Based Automotive
Stack With Mixed Criticality
Orchestrator

Automotive Cloud

Cl/CD ML Ops

Mixed Critical
Orchestrator

SoC Virtual
Platform

21
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Environmental parity with AWS Cloud and Arm

AWS Cloud

Tooling

Software

development platform OS/Embedded stack

Reference applications

Nitro Hypervisor or

Reference applications Nitro Hypervisor .metal access

OS/Embedded stack L@ Amazon Elastic Compute Cloud (EC2)
iz Hardware arm arm AWS Graviton
m « Run SW in the cloud | V o -
Q)

N N - Perform V&V activities in « AWS
\J \ ) « ) :

@ @ m the cloud at scale ‘ )

Q

» Deploy bit-perfectly
equal binaries, using ISA

parity ’
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SOAFEE High-Level Reference Architecture

! Service Service i
| Mixed Griticality Aware | oS |___| RIOS | | RTOS “ RTOS | i
i Orchestrator B ————
! Standard Based Virtual Compute Environment & Tools E SOAFEE Frame work
' 1 (oud-Native Service
t ' deployment
: QM ASIL. B Service QM/ASILBService || QWASILB ASILD |
! Service Service !
| Mixed Critical Orchestrator :
X HAI HAI HAL HAL !
! Platform Feature Discovery |
i Container runtime Container runtime Container runtime E
i RIOS RIOS ;
| (O (O RTOS ! g
] Hypervisor ) Hypervisor | |
————————————————————————————— o0 00000 ' SOAFEE Framework
Firmware Firmware i
i
High Compute CPU High Safety CPU |
=container =monolithic | | =optional
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Democratizing SDV: SOAFEE

An industry
initiative to extend
cloud-native software
experience to
automotive
workloads,
incorporating a
Special Interest
Group (SIG)

A software
architecture which
enables cloud
technologies to be
combined with
automotive functional
safety and real-time
requirements for the
first time

An open-source
reference software
implementation,
enabling prototyping
and early
development
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SOAFEE

https://gitlab.arm.com/soafee

AWS is a founding member,
The MathWorks is a voting

member
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https://gitlab.arm.com/soafee
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vECU: Environmental Parity Levels

Developer Environmental Example Enabled
Persona Parity Usage By

Current
SOCs
Application
Developers
Future
SOCs

Platform
Developers

System
Developers

25


https://armkeil.blob.core.windows.net/developer/Files/pdf/white-paper/arm-aws-edge-environmental-parity-wp.pdf
https://armkeil.blob.core.windows.net/developer/Files/pdf/white-paper/arm-aws-edge-environmental-parity-wp.pdf
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Parity Levels Use Cases

A AWS Cloud

Infotainment & Instrument Cluster ADAS - Digital Chassis T-ECU Powertrain

m EC2 - E EC2-CT7g E EC2 — C7g [Nitro] E EC2 — C7g [Nitro] E EC2 — C7g [Nitro]
G5g.metal [Nitro]
Cortex-A Cortex-M Full Emulation
A:apﬂve Hybrid Emulator Hybrid Emulator
sosar
e = % ot -
Adaptive Classic Autosar
asLls — Yocto-Li ASIL-B OS
NVIDIA T4G R
Graviton3 . X
Graviton3 Graviton3
Env Parity Level 1 Env Parity Level 1 Env Parity Level 2 Env Parity Level 3/4
vk | ak

hoAS 992

Classic Autosar
: E Ad
T

[Cortex-A] [Cortex-M]

o ——
ualc i . .
Snapdragon 820 [arm64] [arm64 / Cortex-A + Cortex-M] Infineon TriCore

Infotainment & Qualcomm® T-ECU

" Powertrain
Snapdragon Ride [arm64]
Instrument Cluster

ADAS -
Digital Chassis
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Model-Based Design Workflow

{ RESEARCH ] DATA ][ REQUIREMENTS ]

i vy

DESIGN
-
Models and Simulation } 2
7
AN <
m
z
e ) L
IMPLEMENTATION g
=
C++ | VHDL, Verilog l CUDA ] o
2

-- -'--

( INTEGRATION

| &= === =

- J

https://www.mathworks.com/content/dam/mathworks/white-paper/gated/auto-model-based-design-with-simulation-white-paper.pdf
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Model-Based & Cloud-Native Design Workflow

Integrate fleet data with
simulation

Broken down in a
microservices
perspective, where
possible

‘ RESEARCH

Can generate the same
software that will run
across ECUs (virtual and
physical)

E—

Targeting different ECUs
or vECUs or
Automotive-Native
AMils depending on the
stage

Models and Simulation J

/ ( N
LREQUIREMENTS e
N
DESIGN ol
°

il

=
s

o IMPLEMENTATION .>

C, C++ J VHDL, Verilog J CUDAJ

\---'--J

‘ INTEGRATION

i

Separation of "Targets”
and “Tools”: the
implemented software
and the tools used to
specify, generate, and
test it need to be de-
coupled and managed
through standard
interfaces - APIs

NOILYOIdIY3IA B 1S

I

For most part in Cloud,
leveraging cloud
scalability and elasticity
properties to ensure
robustness of software
function through virtual
vehicle simulation, real,
and synthetic data

MathWorks AUTOMOTIVE CONFERENCE 2023
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SDV Development in Action - Demo Vision

“‘Sport+” Mode
A TrgDemand A
A RegenOperation

Infotainmen Vehicle Control Batterv Manaaement
System (IV1) Unit (HPC) Embedded Edge
ASIL-B ASIL-D

Virtualize
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SDV Development in Action - Demo Vision

Model-Based
Design and
integration in
Simulink

Automotive-

Native Amazon

Machine-
Image (AMI)

aaa

“Sport+” Mode
A TrqgDemand A MaxBattCurrent
A RegenOperation

L ™

o

e J

> ® =

Infominn;ent Vehicle Control Batterv Manaaement

System
oM

(V1) Unit (HPC) Embedded Edge
ASIL-B ASIL-D

Virtualize
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Elektrobit
Adaptive Autosar
Virtual ECU
running on a
POSIX
containerized

environment on
AWS Graviton EC2

Elektrobit Classic
Autosar ECU
Level 3 emulation
and simulation with
Synopsys Silver
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SDV Development in Action — Simulink Workflow

3 VCU_2EMEV - Simulink = o X

T — e = LT |
I
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Integrate VCU and BMS into Virtual OGRS @7 (e |10k
) Simulation Data
Vehicle Model 31
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SDV Development in Action - Cloud Deployment / Step 1

Simulink

aws

N1

Adaptive AUTOSAR
Application Software

EB corbos Middleware

Elektrobit

EB corbos Linux

Elektrobit

Amazon EC2
&= [Arm, AWS Graviton]

Classic AUTOSAR
Application Software

EB tresos Base Software
Elektrobit

Synopsys Silver

SYNOPSYS

Amazon EC2
[X86]
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SDV Development in Action: connect to DevOps

4\ MathWorks

Elektrobit

SYNOPSYS

DEPLOY

aWS automotive

Operations  OPERATE

MONITOR

Integrate & test aal C°
using cloud-based CI
GitHub 0 Non - AUTOSAR
€. :&k , Cloud-native virtual testing .. I3 ciassic - AUTOSAR
.; docker | using Level3 Virtual ECUs g
3, 7o
Cer ec' GitHub Actions
/ |
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Conclusion

34
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AWS Cloud
i -
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Parity-Enabled

AWS Cloud

. OEM  Partner

élgsg ' Software Soe;tv;]aei":a

oD it 151 R (1T R

Developers : i

ono __OEM. -
AMI

NN
DX

OEM

Engineers

lllll

©

AWSCIoud @
| Partner i %x%
' Software !
/‘E,_ IIEH | Developers
| OEM Eés aneo
~ AMI
,,,,, Test ~ Ecosystem
GSQE Engineers Partner
In-Vehicle HW
i OEM Partner i
| Software ~Software |
A T =TT
. _...[Om@). OEM__|
(O
o\

®

®
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OEM creates and maintains
“native” OEM AMIs and VECUs

OEM developers can start to
develop native applications on
AWS Cloud

OEM distributes the OEM AMI to
its ecosystem of partners

Using the native OEM AMI,
partners can develop and test
containerized applications
and services

The partner submits the
container back to OEM

OEM validates the
containerized app/service

The containers are deployed in
production vehicles
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Final remarks

SDV is happening, and requires a deep transformation of the tools and workflows in

automotive

Model-Based is a first layer of abstraction perfect to design SDV systems!
Thanks to the collaboration with MathWorks, we can provide our customer with even
more powerful and “SDV”-aligned Model-Based tools, properly architected, and

leveraging cloud-native practices.

Please come to see the demo in the demo area!
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Automotive Customers

STE |_|_'"/\"NT| = BMW HONDA
TOYOTA GROUP The Power of Dreams

W &
vorLwvo OWrelessCar TATA & RIVIAN

N SCANIA VOLKSWAGEN *3BlackBerry.

EEEEEEEEEEEEEEEEEE

DENSO  nARMAN - (gntinentald

mobileye-

aws
N
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