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| We are experiencing a life-changing mobility paradigm shift sBD)

Technology Consumer New Evolving
trends habits regulations eco-system
» Sensors » Urbanization » Privacy » Tech giants
+ Connectivity + Digitization » Security » Start-ups
« Computing » Mobility * Environmental -+ Suppliers
Traditional New
paradigm paradigm

Buy it Use it

Drive it Be driven

Fill it up

Charge it

Get there

Enjoy the ride




| With heavy investment in connectivity, autonomy, and EVs sBD)
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Source: SBD Automotive - Report 220 - Quarterly Wrap-Up (Q2 2022)

Top themes

The impact of the tech sector continues to
grow as OEMs battle with s/w sourcing
decisions

More OEMs announce plans for L3 autonomy
just as pressure from regulators/press grows

Robo-taxi programs transition from testing to
operational services

Demand for EV’s outpaces supply as OEMs
explore and invest in new business models

More OEMs get involved in the development of
the next-generation smartphone key



Software
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Speed-to-market

Ve h i C I e S Aftersales revenue

Customer satisfaction

What’S dr|V|ng Brand loyalty
car makers
forward?

Decrease

Bill of materials
Recall rate
Depreciation

Vulnerabilities



| The software-defined automaker’s hierarchy of needs sBD

3 |Organization & Development Process

2 |Software-Defined Vehicle & Car-to-Cloud

E/E and Vehicle Platform



| The software-defined automaker’s hierarchy of needs SBD

Focus today:

3 |Organization & Development Process

2 | Software-Defined Vehicle & Car-to-Cloud

1 |E/E and Vehicle Platform
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What is Software Defined Vehicle?




| Defining the software-defined vehicle

OWOLOOO

SDVs allow software to be designed,
developed and tested in a fully virtualized
environment, leveraging the scale of cloud
services to simulate vehicle software

SDVs require multiple layers of hardware
and software across different domains in
order to implement this separation

SDVs allow OEMs to dynamically implement
new business models & customer
experiences much faster than before

SDVs create significant disruption in the
traditional automotive electronics supply chain
while creating new “blue oceans”

Much of the core SDV software stack is non-
differentiating, making standards & open-
source software attractive to OEMs

Cloud
Services

Shared
Services
(In-Vehicle)

Vehicle
Applications

Platforms &
Middleware

Operating
System &
Virtualization

Hardware &
E/E

Application
Middleware

Container
Runtime

Services Middleware

Real-Time Operating General Purpose
System Operating System Type 1 Hypervisor
(RTOS) (GPOS)

Gigabit Ethernet
High-Performance - Digital Cockpit
Computer (HPC) High-Performance Controller (IVI)

Computer (HPC)
57 @ S5

Source: SBD Automotive // The Software-Defined Vehicle (2021)
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| Vehicle 4.0: The evolution of the software-defined vehicle

Vehicle 1.0

Functional

Definition

Features developed &
implemented in conjunction with
underlying hardware

Characteristics

SBD )

Technologies/Enablers

%%, No over-the-air updates - Microcontroller ECUs
‘:5 Tightly coupled ECUs Real-time operating systems
sl==t{ Basic infotainment services CAN-based architecture

Vehicle 2.0

Digital

Enhanced infotainment domain
with apps, connectivity, and
limited updateability

Embedded or brought-in
infotainment applications

Embedded 4G connectivity

Limited software updates for
infotainment

Cloud platform for content,
services

Limited driver personalization

P DL E

Driver identity provider

Vehicle 3.0

Common evolution path for OEMs

Core domains (ADAS, digital

Regular software updates for core
functional domains

Ethernet E/E backbone

Vehicle 4.0

Software-Defined

Computing workloads can be

dynamically shifted between

vehicle computers & offboard
infrastructure

cockpit, connectivity) implement Dynamic HMI for vehicle functions oty - .
abstracted software runtime & M (voice, multiple screens, etc.) .;Ii. DOIEI=IEEEE T SRrE
middleware
5 ¥ OEM and/or 3 party software = OEM-managed software
Updateable @ applications )] development
@B Redundant application processing f 28 .
}'_ﬁ across domains/zones 2 E@nSEtsy

Continuous software delivery

Edge application runtime (i.e.
edge containers)

Dynamic data processing
between vehicle, edge, & cloud

IR

Homogenous computing platform
between vehicle & cloud
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| High Performance Computer is a foundation for H/W abstraction s8D)

l J ) 88 Applications
- Real-Time

Operating ‘ :
System (RTOS) ‘@\‘ Operating System (GPOS)

Type 1 Hypervisor

.—-{?}l—.

[

Non-Volatile
Memory

Volatile
Memory

General Purpose

0O (|
CPU Cluster for

(| (m]
CPU Cluster for

* In zonally configured E/E architectures

Graphics
Processing
Unit
(AV & IVI)

Applications & containers leverage
services on the GPOS

Simultaneous execution of real-time
and general purpose operating systems
using CPU clusters

Type 1 hypervisor provides hardware-
optimized virtualization services

HPCs provide a variety of physical
interfaces

GPUs power the processing of camera &
radar data for ADAS/AV, and rendering
for digital cockpit interfaces.

CPU clusters ensure redundant
processing for both RTOS and GPOS
applications

Multiple HPCs to provide high availability,
optimized, redundant AV services and
digital cockpit application

12



| SDV needs overhaul in EE architecture as well as S/W structure

sSBD)

) Vehicle platform engineering projects will take many years to reach maturity, scale within car parc

Software-
Defined
Architecture

Domain
Architecture

Upgraded
Bandwidth

Functional
Architecture

Source: SBD Automotive —
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Report 630 - Evolution and technology drivers for next generation E/E-architectures
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| SDV will be achieved on a centralized zonal EE architecture sBD)

) SoC scalability will drive consolidation and abstraction, enabling entry points for edge computing

Domain Controllers

Domain _smm
Architecture /

(Smart) Sensors/actuators
Vehicle Gateway Domain Controller

Centralized HPCs/Zonal
I [Tl ]
Centralized & .

Zonal i
Architecture m oo
/7

(Smart) Sensors/actuators

HPCs Zonal Gateway

Source: SBD Automotive — Report 213 - Advanced Computing 14



Personalized, automated vehicles rely on cloud, edge

SBD

f New commercialization opportunities require new car-to-cloud platform services to meet OEM needs

Far & In-Vehicle Embedded Network Edge
Edge
@ MEsﬂer
4G/5G/6G i) E3
« Intelligent sensors - Containers
« Independent modules « Cloud-native apps
« Containers « Running in network
. Cloud-native apps infrastructure

* Running in-vehicle via HPC

Source: SBD Automotive - Report 213 - Advanced Computing

Cloud

On Premise

Containers or virtual
machines

(Usually) shared data
center

Supporting regional
and global workloads

Centralized
Private to OEM

Proprietary,
mission-critical or
sensitive data and
workloads

Dev environments
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SSP comprises high value modules with dedicated
variants to address all Group vehicles
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| Most automakers require multiple “stops” to SDV sBD)

f Most OEMs can’t make the jump “straight” to SDV - it's a more iterative engineering journey

Vehicle 1.0 Vehicle 2.0 Vehicle 3.0 Vehicle 4.0

Functional Digital Updateable Software-defined
New feature? Let’s Let’s focus on Let’s keep the car Let’s fully decouple
add a new box digitizing our IVI fresh SW from HW

«—//L\ DAIMLER

RENAULT NISSAN MITSUBISHI

Source: SBD Automotive — Report 636 - The Software-Defined Vehicle 17
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Challenges to OEMs




| SDV architecture starts with abstraction from car to cloud

f Some OEMs pursue “Vehicle.OS” which hold most of software stack

sSBD)

Cloud
Services

Shared
Services
(In-Vehicle)

Vehicle
Applications

Platforms &
Middleware

Operating
System &

Virtualization

Hardware &
E/E

Container
Runtime

Application
Middleware

Services Middleware

Real-Time Operating

System
(RTOS)

High-Performance
Computer (HPC)

Source: SBD Automotive — Report 636 Software-Defined Vehicle

General Purpose
Operating System
(GPOS)

Gigabit Ethernet

High-Performance

Computer (HPC)

Type 1 Hypervisor

Digital Cockpit
Controller (IVI)

Dynamic
Software Stack

Vehicle Platform
or “0OS”

E/E
Platform
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| Key consideration: Build OR Buy? sBD

20



| Software sourcing strategies differ, limited by recruitment sBD)

Top SW Spenders Developer ecosystems, communities, and tools are the

“secret sauce” to OEM-cloud partnership

1. Volkswagen Group

2. Toyota Group

3. Stellantis

“Our #1 barrier to achieving
greater in-house software
development goals is
recruitment.”

4. Mercedes-Benz Group

5. BMW Group

6. Renault-Nissan-Mitsubishi

7. General Motors Group

8. Hyundai Group

9. Ford Group Software Director at Major OEM

10. Honda Group

11. Tesla Motors

<
o
C
T
0n
(@]
-
pa}
0O
D
o
—
-}
0)]
@)
C
pn}
0
D
(@)
<

12. Tata Motors Group

Source: SBD Automotive - Report 220 - Quarterly Wrap-Ups (Q2 2022) 21



| Hidden cost of SDV - OPEX of non-differentiating S/W

Volume OEM Tier 1

10 year TCO
($Million)

Breakdown by

SBD

expense
opex [ capex
« High volume = outsized OPEX « Multi-tenancy drives high OPEX
Key contributing * Software revenue margin « More feature-rich to support
factors expected to be high due to small multiple OEMs

sales margin

Source: The Hidden Costs of Software-Defined Vehicles (SBD)
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https://www.blackberry.com/us/en/forms/enterprise/the-hidden-costs-of-software-defined-vehicles-lp

| Whatever approach OEM take, everything cannot be under control s82)

B S

Long-Term Approach Fast Development Approach
Leveraging 3 party software vendors Careful investment for reduced risk Immediate investment & re-organization
Cost Low Low High
Time to Market Fast Slow Fast
Intellectual
Property Poor Strong Strong
Control

- TOYOTA )



SBD

OSS as key accelerator




| OSS as the engine of SDV sBD
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| OSS is not a panacea, but it will continue to grow in relevance SB8D

OSS is attractive to OEMs But OEMs will still need licensed

because:
Customization for size/scale/context

Access to development ecosystems,
skillsets

Lowering cost of development by:
v Investing in mutually beneficial OSS
v Eliminating licensing fees

Reduction of risk via software supplier lock-
N

Alignment with hardware/chipset
architecture creates efficient optimization
effort

software because:

Developing ASIL-C/D software is difficult
and expensive

Stricter regulations will create demand for
complexity abstraction

Different components and domains have
different requirements

Virtualization in mixed criticality
environments.remains a linchpin to SDVs

Outsourcing management of upstream
security threats & license compliance
remains attractive

26



| OEMs leveraging Tech Giants & OSS to accelerate transformation sBD)

om A
amazon gai=E (ECLIPSE .
v’ &, RedHat FOUNDATION android
& Coogle New | SSOAFEE :  COVESA
partnership ) m

g'év HUAWEI - AUTOMITIVE
GRADE LINUX
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| Key effect of SDV adoption: bottom-up commodification sBD

Today SDV Future
Mixed In-House/Outsourced Proprietary In-House Proprietary/Ecosystem-Driven
Cloud 0 0
Services adWS ‘f a @ WirelessCar =l Microsoft adWS j a B Microsoft
Outsourced/Proprietary In-House + Vendor Toolsets
Vehicle
Applications BOSCH DENSO °*‘APTIV:
. Emerging Proprietary Solutions OSS & OTA-Integrated Vendor Toolsets
Container (2
Runtime & 23= < woven .
. == BlackBer 22z
Orchestration lackBerry DENSO i “ SOAFEE ©) planet *Blackseny
)
Mixed Ke) Standards-driven OSS & Vendor Toolsets
Middl : '8 :
iddleware  AUTO 'SAR (%) mosavitto 5 CycloneDDS rt' AUTO SAR
'O AUTOWARE.
C
RTOS: Mixed GPOS: Primarily OSS ) OSS and/or container-driven eee ROS
Operatin . > eoe
perating AUTGSSAR } octo - g \ @ ‘ Red Hat
Y WNDRVR *:8lackBerry = AUTCSSAR edHa
Proprietary 8 Mixed + Native Containers
FYPEIVISOTS  z2: glackBerry T €9 OPENSYNERGY Xen  BlackBerry
SOETWARE SOAFEE €9 OPENSYNERGY
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| Different approaches take different tool / supplier relationships sBD)

B S

Long-Term Approach Fast Development Approach
Leveraging 3 party software vendors Careful investment for reduced risk Immediate investment & re-organization
Cost Low Low High
Time to Market Fast Slow Fast
Intellectual
Property Poor Strong Strong
Control

- TOYOTA ’



| Integration Approach - Visualized sBD

Apps, Middleware Digital Twins
(o8
Apex _|@BOSCH FUJITSU
e aws
ETAS B Microsoft \WNDRVR
GPOS SW Simulation, Testing
Astemo DENSO =715 dSPACE
STAS WNDRVR Edge Computing Vehicle Data OTA Updates — WNDRVR
TAS & RedHat aws L dWsS
**Blackgerry. Astemo a8 Microsoft
S ~——. Airbiquity n
] Microsoft HARMAN
RTOS & RedHat DENSO BOSCH S \excelfore ADAS/AV Platform, SW
AUTOSAR *APTIV:
*#zBlackBerry. — yeoneer .
PV aM mobileye ey
Grsenamms WNDRVR Q AMOTIVE T
Virtualization Interfaces (Example) GPU, Neural Networks
as, AUTOSAR .
*z:BlackBerry. * 5 Google Cruise
€9 OPENSYNERGY SENSORIS - <ANVIDIA
WNDRVIR O Avorve
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| Long-Term Approach - Visualized

Apps, Middleware
AUTOSAR

GPOS
yocto

PROJECT

ECLIPSE
& RedHat

(]

5

SBD

Digital Twins

®&BOSCH aws

DENSO &2 Microsoft

Apex
RTOS
AUTOSAR

&" :ROS

Edge Computing

aws CILF
EDGE‘ Red Hat

Google £ SOAFEE

Vehicle Data

B® Microsoft m

aws -

OTA Updates

m B® Microsoft

aws  Uptane

SW Simulation, Testing

dSPACE
aws ‘ dltto

.. Mlcrosoft

Zephyr"Project
Virtualization
L SOAFEE

&l’[
Project

Interfaces (Example)

AUTOSAR

Adaptive Platform

SENSORIS

ADAS/AV Platform, SW

ZIEROS ‘

apeollo

AUTOWARE.

GPU, Neural Networks

L2

Tensor

€3 opennn Cygikan.
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| Fast Development Approach - Visualized

Apps, Middleware
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Final
thoughts

SDV require overhaul of EE
architecture and S/W architecture

Major challenge comes as a
combination of organizational,
technical and strategic challenges

Plenty of opportunities for OSS lie in
SDV, but choice depends on OEMSs’
sourcing strategy
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| Engage with us

Research Reports

Log-In Today!

p—

Portal.sbdautomotive.com

&

24-hour access Bookmark your Configure your Market news
& self-registration favorite reports notification Feed and event
preferences overview

SBD

Eﬁ?

Consulting

Custom projects to help you plan, test
or deploy new solutions into the
market

Data

Purpose-built online
tools that provide you with advanced
data and analytics
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Contact SBD Automotive sBD

Do you have any questions? Q9

If you have any questions about SBD Automotive’s

research reports or consulting services, you can email us 9

at info@sbdautomotive.com or discuss with your local 9 9
account manager below. 9

@ info@sbdautomotive.com

Book a meeting USA UK Germany India China Japan

Garren Carr Luigi Bisbiglia SBD China Sales Team

North America South Europe & RoW China

garrencarr@sbdautomotive.com luigibisbiglia@sbdautomotive.com salesChina@sbdautomotive.com
SBD +1 734 619 7969 +44 1908 305102 +86 18516653761

Alessio Ballatore Andrea Sroczynski SBD Japan Sales Team

West Europe Germany, North & East Europe Japan, South Korea & Australia

aballatore@sbdautomotive.com andreasroczynski@sbdautomotive.com postbox@sbdautomotive.com

+44 74 71 03 86 22 +49 211 9753153-1 +81 52 253 6201
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