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Though without a direct impact on manufacturing, software has turned unavoidable
in terms of value add in the industry, critical to strengthen the whole ecosystem

Synthesis by domain

Market attractiveness

» Market of automotive software to grow steadily
with balance between increasing number of
ever more complex software vehicle functions,
and progressive cost optimization notably due
to future vehicle architectures

* As such, Software-Defined Vehicle
architectures expected to draw most of OEMs'
attention as of software development, requiring
know-how in whole new fields for automotive
players

* Opportunity for independent skilled software
players to support OEMs and Tier1s in the
development of future architectures, esp. for
skills closer to their core know-how (as
functional safety) or fast-evolving fields as

cyber /‘

Market accessibility for
players in France

« Skilled software resources in the automotive
sector exist in France but remain scarce due to
undersized educational system for software,
and fierce competition with non-automotive
players (esp. consumer goods / tech players)

* As all global OEMs, French OEMs are involved
in the development of future software
architectures, but part of the development is
handled out of France, either for cost reasons,
or due to low availability of skilled resources

\ 4

Source: Roland Berger

Attractiveness for France

* Critical importance of software development to
accelerate over the next few years, until
becoming the largest value-add domain in the
industry

+ Risk of France not being able to master its
automotive ecosystem nor vehicle development
as largest players are now located in the US,
Asia, or — at a smaller scale — in Germany
(large software domains as Cloud management
already locked by GAFAM)

* Developing a dedicated industry around
automotive software would contribute to
sustained French presence in the automotive
industry, and to the development of expert

skills
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0 Market Attractiveness

OEMs currently focus on developing innovative SDVs') architectures to get closer to
the world of consumer electronics, with the biggest impact on Software

Software-defined vehicles introduction

Smartphone @ Objectives @ Vehicle
architecture architecture
AT Deploy SW features (even if TR
unknown today) and Drivetrain | ADAS/AD tailrl:rf:;nt Co:n\ect cli‘naer?xg Comfort
security updates E ((@)) s@?é’;
Ensure efficient Middleware / Software Platform

development costs
by ensuring to
reuse generated code

App
Store
(e.g. ADAS)

Middleware
/1 0S

Device i [ ' . i:E
hardware | \ _ : Enables the E/Earchltecture
‘ interchangeabilit
of hardgware y Mechanical layer KD‘ ”

Sensors/Actuators ‘

» OEMs plan to change the software architecture of their vehicles to come closer to the consumer electronics model (e.g.,
smartphones): simplified E/E architectures, with transversal software layer to serve main automotive functions (e.g.,
drivetrain, ADAS, infotainment) and managed independently from vehicle programs

« It will help improve the user experience with greater software content (e.g., market place access to download
applications), high frequency updates, and greater personalization potential

1) SDV = Software-Defined Vehicles

Source: Expert interviews, Wipro, Roland Berger

Expected benefits of the SDV approach for OEMs

%
.
[=)=] EI

Greater cost efficiency
* Lower software development costs

— Greater reuse of software blocks across
programs and generations

- Easier and finer-mesh updates

— Larger use of 3rd party & open-source
solutions

— Fewer tests & validation

* Lower E/E costs with limited number of
ECUs (though more powerful) — see next
pages

Additional revenues streams
+ Aftermarket optimization
» ADAS upgrades

+ Cockpit applications, mostly from L3
vehicles

* In-vehicle advertisement
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0 Market Attractiveness

Software-Defined Vehicles yield deep technological transformations on vehicle

Connect to the Cloud

hardware, on-board and off-board software contents

Upcoming development objectives for SDV

Simplify the architecture to central Develop transverse software
zonal platform

* Move to limited number of high- * Move from signal-to-signal * Ability to deploy updates or upgrades
power computers bundling functions architecture (with separate SW stacks multiples times a day
(either mission-critical or non- and ECUS), to service-oriented . Convergence between on-board and
mission-critical ones) connected via architecture, where services are run off-board content, with applications
Ethernet network throughout the car and connected via run on the two systems

« Abstraction of sensors, actuators and APls « Openness to new development
System on Chips - Standardization of transverse ecosystem to offer richer vehicle

services into core software layer applicative content and share data

(middleware) addressing all vehicle
domains (e.g., update, diagnostic,
etc.)

* Fine scale of software services for
easier development, deployment and
maintenance)

Source: Expert interviews, Wipro, Roland Berger Roland Berger | 4



c Market Attractiveness

Domain-fusion Electric-electronic architecture has emerged since 2021, with
Vehicle Control Units combining domains other than ADAS and IVI

Electric-electronic architecture roadmap

Domain Fusion EEA

Ethernet backbone

Domain EEA

Ethernet backbone

Distributed EEA"

Body Powertrain Chassis

Smart sensor/ actuators New since 2021
+ Consolidation of software functions in each domain into DCUs, but many

* Proprietary ECU? with specific
domains (e.g., Body, Powertrain) remain with high number of simple ECUs

software and hardware bundled
by Tier-1s
. * Consolidation of "traditional” domains (Body, Chassis, Powertrain) into
* Multiple standards for Vehicle Control Unit (VCU) resulting in a Domain Fusion EEA
communication
+ Separation of mission-critical (i.e., safety critical) and non-mission-critical

« 1 ECU per function applications

* Infotainment and ADAS potentially
with DCU®

B Gateway Sensors/ Actuator ECU [l docU |l Zonal computer [l Central computer

Central + zonal EEA

Central Computer

 Consolidation of software functions cross
domains in:

— 1 or 2 Central Computer(s)
— Several zonal ECUs (zECUs)

* Full separation on software and hardware
development in central computer and zonal
ECUs

1) EEA = Electric-electronic architecture 2) ECU = Electronic control unit 3) DCU = Domain control unit 4) IVI = In-Vehicle Infotainment 5) VCU = Vehicle control unit

Source: Expert interviews, Roland Berger

Q

* Most OEMs have
started to implement
a distributed EEA
since 2021 - see next

page

* OEMs see a path
towards central +
zonal to reduce the
number of ECUs

- As of today Tesla
has c¢. 25-30 ECUs
for its Central -
Zonal architecture
for Model 3 & S (vs
55 for current
architecture
vehicles)
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c Market Attractiveness

By 2030, all major OEMs are expected to have transitioned to central + zonal
electric-electronic architecture

OEMSs' electric-electronic architecture roadmap Q
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 _)4*(_
Y « All major OEMs are T
) SPA1/CMA Yol 10 GEMEILE
their electric-
Y E% 1.1 (MEB) E% 1.1 evo (SSP 31) electronic
€11D) E3 1.2 (PPE) E% 1.2 evo (SSP 61) architectures ar_1d HRIE
: central computing
SP21 (TBD) units
<=z FNV2.0 (Mach-E, F-150) * Asaresult, a
. . separation of
PSA NEA/FCA Atlantis First Zonal (STLA BEV) Full Zonal (TBD hardware and
a8 ePF19 software sourcing is
- expected
EVA2 _
— Opportunity for new
Global B (Cadillac CT5) (e.g., for EMS or
dedicated software
Star 3 Big 5/MB.0S 1.0 (MMA) companies)
NEP (TBD)

Distribution Domain EEA [ Central + zonal EEA

Source: Expert interviews, Roland Berger Roland Berger | 6



c Market Attractiveness

Several domains will require heavy development for SDV, with involvement of new
tech players — Automotive players have room to develop skills, esp. on architecture

Domain enablers for Software-Defined Vehicles development

Objective

Automotive
players'
capabilities

Software
development
resources needs
Impact for
automotive
players

 Develop a software-layer

system that is hardware
agnostic with respect to
the hardware electronics
chosen

Final objective to be able
to shift from one chip
manufacturer to another
one without adapting
software layers

Low Med High

A N ——

Low Med High

_-A-

To remain likely
controlled by semi
conductor players

o Cloud and data

likili* management

Develop Cloud
infrastructure to host
business services and

high-speed data treatment

To support ADAS
algorithms, user
management and
services, etc.

Low Med High

A N ——

Low Med High

_'A_

To remain likely
controlled by large
tech players (e.g.,

GAFAM)

=

% Auto. software
development

* Develop and test
software functions, e.g.
ADAS algorithms

» To be made compatible
with new software
environments,
introduction of new
functions

Low Med High

_-A‘

Low Med High

_-A‘

Software architecture

* Detect, identify and
prevent possible
hacking attacks, in a
context of more
connected vehicles,
and over a large set
of vehicle functions,
including critical-
safety ones

Low Med High

N User

experience

Develop simple,
intuitive and rich user
experience, while
maintaining brand-
specific features

Esp. to anticipate future
developments on
autonomous driving

Low Med High

-A-_

Low Med High

& Functional
0& safety

* Guarantee safety for

users, vehicles and
environments by
reducing possible
hazards under the
widest set of driving
environments and
circumstances

Low Med High

_-A-

Low Med High

homologation

I
I
Integration / I
I
I

» Master complex know- |

how, EU barrier to entry |
(comply with EU 1
regulations) in a context!
of increasing number of !
functions and software !
environment (highly |
complex)

Low Med High

_-A-

Low Med High

F_

Strong opportunity to support OEMs and Tier1s, as closer to legacy
capabilities, with resources potentially located in Western Europe (high

level skills)

—> Opportunity to create player(s) specialized in automotive software and future software architectures to support OEMs and Tier1s in the development of their future software bricks

- Acting as an independent supplier, addressing global players, along with ESPs or tech giants

1) Engineering Service Providers
Source: Expert interviews, Roland Berger
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c Market Attractiveness

Initial budget for SDV development alone estimated to start from EUR 1 to 2 bn for
c. 5 years, yet strongly tied to OEMs’ strategies

Market feedback — Estimated Software-Defined Vehicles cumulated R&D budget

Estimated minimal cumulated investment for Software-Defined [EUR]

» SDV budgets are complex to assess
and compare, with various:

— Timelines and brand deployments

— Ambitions of domain coverage on
SDV

- Reuse levels of existing software
code versus new functionalities

- Levels of in-house development,
more costly than 3rd-parties'
solutions

— Number of generations / platforms
needed before full SDV

* Moreover, SDV budget can be
included within broader software
budget with other initiatives (e.g.
Cloud contract), not all serving SDV

» SDV development and support teams
not clearly split at first

Source: Expert interviews, Roland Berger

Often several platforms, brands and
models

Need to maintain legacy

Complexity to shift to best
organization and processes for SDV

Difficulty to attract best software
talents

2 bn
ver 5-7 years, incumben

OEM, very focused

Focus on 1 new solution
Right techno trade-offs
Leverage of 3rd parties

Difficulty to shift to best organization
& processes for SDV

Digital native company culture
adopting agile model from the start

Low diversity: one brand, few models,
no option

No legacy

For Stellantis, STLBrain is the middleware. It does not cover
all domains from the start but its is a baby step towards full
zonal architecture, allowing to add features progressively

Senior Director of Product Management, Middleware and
DevOps at Aptiv

Initially, VW wanted to develop their own IVI architecture from
scratch because of privacy concerns and wanted to keep control
over it

Lead Architect Big Data Platform Engineer at VW

At VW, there is no one central initiative on SDV. SDV is
included in many lighthouse projects, which can address other
large projects. Each project has its own budget

Lead Architect Big Data Platform Engineer at VW

Some OEMs already have a history of infotainment with
specific features. They will reuse some of those and convert
the whole infotainment domain to SDV

System Platform Autonomous Driving Developer at Mercedes

One of the European OEM has 2000 engineers, doing
middleware, app development, graphics development and
potentially integration (like navigation)

Former Sr Director of Product Management at Qualcomm
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c Market Attractiveness

The car software market should reach EUR 10.9 bn in 2035, driven by the growing
number and complexity of software functions in vehicles

Car software market evolution and trends

OEMs software spending evolution in Europe®) [EUR bn; 2023; 2028; 2035] OEMs software spending drivers

Covering software budget for SDV and other projects (legacy or non-SDV related)
2% .2, Increasing number of
software functions in a
4% p.a vehicle
8.8 2%

, 24%
33% Greater complexity for
software functions

M RrR&D
B Royalties
Hidden cost

Royalties costper (T T (IS (T Development? cost
vehicle [EUR] e i i Ry i i 4ouesl i decrease

Hidden software .. R — ‘ .
cost) per i 60-80 ! t 70-100 ¢ i 80-110 !
vehicle [EUR] ! M i

___________________

EBIT

EBIT usually 20%

» The number of software functions in vehicles is set to
increase (e.g., intelligent assistant, intelligent motion,
ecosystem integration, data management)

As a result, software development capabilities demand from
OEMs should increase

Each software system to become more complex as it will need
to interact with several internal vehicle systems (e.g., sensors)
and external ecosystems (e.g., cloud), while offering more
functions, greater customization, etc.

Complexity will translate into a greater volume of coding
required per function and additional software capabilities
needs from OEMs

In the long-term, the Software-Defined Vehicles architecture
should enable lower software development costs for OEMs
thanks to:

— The reuse of software blocks between vehicles
- The leverage of open-source solutions
- The reduction of the volume of tests and certifications

(@) Positive impact (%) Neutral impact

Trends

©
©

Negative impact

1) Hidden SW cost occurs when OEMs source SW in bundle with the HW (e.g., base SW for semco., basic functions integrated in a single ECU), these costs depend on the E/E architecture 2) Development, integration, maintenance and testing

Source: Expert interviews, Roland Berger
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c Market Attractiveness

The development of software for vehicles can be supported by many players,
including the major tech players

Car software value chain and main players

SemCo manufacturing Software development and ECU manufacturing Software integration

— SemCo suppliers

@ IN

Pinsuueg

NVIDIA.

S

HUAWEI

Qualcomm

* Qualcomm, Nvidia &
Samsung are thought
leaders shaping the auto
IVI SoC market -
Qualcomm is the most
established players with
EU OEMs (e.g.,
Volkswagen, Volvo,
Mercedes, BMW,
Stellantis, Renault)

* As of today, NXP and
Huawei focus mainly on
the Chinese market

Tech players

Large tech players

Bringing deep knowledge of technologies on transverse platform and lower software layers, with

g best skills and strong development capabilities
amazon | Microsoft
~ Go gle « Also bring expertise on HW abstraction layer and Cloud
Specialized tech players o ) . ) .
VECTOR > + Specialized tech players able to bring specific software expertise (e.g., hypervisor, RTOS, etc.)
) » Companies with expert knowledge of development frameworks (e.g., AutoSAR), and able to
TrTechAuto QNX support OEMs in designing the Software-Defined Vehicle architecture

External services provider

KPIT
Capgomini@d

>
accenture

Apex Al

Used to scale up software development workforce, and to internalize software development
(white box)

Can also support system architecture, though key design remains in the hands of OEM / tech
players

—— Tier-1 automotive suppliers

Cgaﬂ@d) *APTIV: @

veoneer  "NFpig
9 BOSCH  (ntinental®

Traditional players with strong knowledge of automotive development processes and applications,
esp. on sensing / actuating

Often own applicative algorithms, and have developed expertise in specific SW domains

— OEMs

STELLEANTIS

-
JAGUAR

flex

—— Electronic manufacturing services (e.g., ECU)

FOoXconn

JABIL

&

Mercedes Benz

—

T

TESLA

i )

@ French players

Source: Roland Berger
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0 Market Attractiveness

Tech giants increasingly enter the automotive sector but differ in their approach to
secure their positions — Entry via infotainment and connectivity

Tech Giants automotive strategies

Google

* Build edge presence with platform &
end-user applications

* Leverage edge platform to bundle
cloud services

Automotive
Strategy
2021

» Establish Android Automotive as the de
facto IVI SW standard, leveraging
existing services (i.e., GAS) and
proximity to consumers

* Promote Google Cloud Platform

Automotive
Strategy
2023

* Provider of Volvo's and Polestar's VI
0S and app

+ Several OEMs adopted Android
Automotive as IVl 0S

b
-+ 9

RENAULT

Example of
strategies
deployed

amazon

* Diversify towards ADAS/HAD with
full stack solution

* Enter with Alexa

* Focus on security of cloud by
enabling edge-to-edge encryption

« Some in-vehicle experience presence
via Fire OS (i.e., rear-seat
entertainment)

* Develop SDV platform for
development and deployment of
software and standardization effort
e.g., SOAFEE

* BMW’s new cloud-based vehicle
data platform

+ Partnership with Continental
(CAEdge)

P STEL

(@ntinental %

B Microsoft

+ Technology enabler for OEMs

« Offer OEM with cost savings and ability
to create recuring revenue

Leverage know-how from cloud for
computing in central + zonal
architectures

Focus on enterprise cloud with
Microsoft Azure e.g., vehicle
engineering simulation, manufactory
optimization

Lead automotive software
standardization efforts via open-
source SW projects — e.g., Eclipse
Foundation

* OEMs and Tier-1s adopted Azure High
Performance Computing for design
and simulation of their products

QD

ZIRIDGESTONE

* Exclusive focus on HMI (i.e.,
CarPlay) leveraging the large
consumer-base of Apple ecosystem

* Next-Gen-CarPlay announced in
2022 with broader capability beyond
IVl e.g., integration with vehicle
instrument cluster

+ CarPlay deployed by many OEMs
across different segments

$l Jeep 2

Le=<alls
HONDA

Source: Expert interviews, Desk Research, Roland Berger

Q
”

* While Google aims to
establish a strong
presence across the
entire 1Vl software
stack, Microsoft and
AWS are pushing to
become the leading
cloud service while
Apple focus on being
the HMI of choice
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c Market Attractiveness

Opportunity to create players specialized in automotive software acting as Tier1s to

support OEMs in the development of their Software-Defined Vehicles

Market attractiveness — Other criteria

Clear product roadmap -@— Window of opportunity for a newcomer

* Limited risk as SW development needs are tremendous;
OEMs all move to Software-Defined Vehicles, with often their

* In this context, it will be essential to secure the large volume
of talents and resources needed to implement this roadmap

Clear roadmap
defined by OEMs

|
i |
. . | | skills to penetrate the market and support OEMs in the development of Software-
own solutions and development environments I | Defined Vehicles (e.g., knowledge of platform and software layers)

' |
' |
| |
' |
' |
| |

. . . . L. (e.g., ADAS)
Potential for technological differentiation — Automotive frameworks are used for the development (e.g., AutoSAR)
_________ A

» With Software-Defined Vehicles, OEMs should reintegrate in-
house the development of many software features (currently
developed by tier-1s), hence reinforcing branding
personalization and technological differentiation

potential in multiple areas, including:

- User interface and experience

— Connectivity with clouds and loT devices

- Regularity of updates to offer the best driving experience

Strong
differentiation
potential

+ Potential negative impact with real-time hosting of massive data on the Cloud

|
| |
' |
' ‘ |

. - |

As a result, OEMs would have a strong differentiation I : _@_ Environmental contribution

' |
' |
' |
' |

o ’.
I

« Even if it remains specific to the automotive industry, many tech players possess the : ‘ :

: Opportunity for :

| software players |

_________ .

-@— Potential for diversification outside Automotive ———————————————————————— .
I

+ Software-Defined Vehicles approach has a limited diversification potential as: I :

- The software architecture being developed is specific to vehicles and their devices I l ‘ I

' |

' - |

- o I Limited |

- Tests and certifications are based on the automotive industry standards I potential I

* However, opportunities could still be intended for other road transportation vehicles . ________ I}

(e.g., Heavy-duty trucks, motorcycles)
| A

—— e — — — — — —

Source: Roland Berger
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a Market Accessibility

Automotive software is a highly technical field, with OEMs suffering from the lack of

available trained resources

Market accessibility — Assessment

Technical barriers to entry

* Technical barriers to entry are high, especially for players in the
automotive industry as it requires mastering new capabilities,
including:

- Software architecture environment

- Connectivity and compatibility with internal/external devices (e.g.,
cloud)

- Cybersecurity
- Artificial intelligence and data processing

Highly complex
technology

Availability of the necessary skills

* France has a pool of resources and skills for automotive software
development, including

- OEMs who currently develop their own SDV architecture

— Classic tier-1 and tier-2 suppliers developing software for specific
vehicles functions since several years

- Large and specialist local tech players

* Yet, resources are scare and competition for developers with non-
automotive sectors is fierce, esp. from consumer electronics and tech

| &

Skilled resources
but scarce

b ——————— players b ———————
Manufacturing CAPEX Traction from French OEMs
_________ A e |
: I * Large French OEMs should represent a significant traction over the : I
* No industrial CAPEX per se but need for large R&D CAPEX, esp. to I | several next years as they have defined an ambitious roadmap to I I
develop future SDV architectures and train software teams | ‘ | produce Software-Defined Vehicles, but remain on par with other | ‘ I
+ SDV budgets alone estimated at ca. EUR 2to 5 bn by OEM over5t0 6 | I OEMs, and invest less than some, esp. German players | I
years (without accounting for potential delays) I I - As an illustration, Stellantis and Renault expect to launch their first | I
I I models on central + zonal architecture by 2026, on par with most I I
|  EUR2bnto | OEMs , !
I , , _ On par I
I EUR 5 bn | — Yet, both OEMs heavily rely on tech giants to complete their I |
I | developments I |
L —— e ————— L —— e —————

Source: Roland Berger
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e Attractiveness for France

Strong needs in software development opens the way to build independent players,
acting to reinforce the French ecosystem as SW is now a critical asset to master

Attractiveness for France — Impact for France & other economic social benefits

Direct Employment [# FTEs] -@— Support to resilience of French econoomy ——r—————6¥¥¥—//— =
I
] ) ] « Strong support to the French economy as an independent French automotive software player would partly help | :
Jobs in 2023 and in 2035 Job creation between 2023 to alleviate the dependency upon US or Asian tech players I |
in Europe [#FTEs] and 2035 [#FTEs] * Else, risk for US or German OEMs to impose their development standards and software architectures, with then | A |
Mostly at OEMs' a large share of the car value add to leave France and French OEMs or Tier1s : Major support to FR |
and Tier1s'in economy |
2023 S ]
T_GT
Yl Impact on Trade Balance —m—1-"———-—-————"—“"¢J " +"-"-""-——"—"— -
c. 29,000 - | I
« Positive impact on the trade balance expected if independent French player is created and able to support global | |
OEMs (incl. beyond Europe) as the French market alone is too limited (Stellantis likely developing out of : ‘ |
Europe
2023 2035 2023-2035 2023-2035 Pe) I :
|  Important impact I
Hypotheses: R —— 1
* ¢. 50% market share of SW development handled in Europe (rest .
done in low-cost countries as India) Skill Level Assessment —momm7-—-———H - H - 1——""—""—"—""""""""— -
» With ambitious strategy, France and French players could support . ] ] ] ) o ] : |
the creation of independent players, leveraging available capabilities + Very high-value added skills, esp. when focusing on superior SW architecture capabilities (more basic | I
(at automotive players or software players), hence grabbing a development to continue to be performed in low-cost zones) | ‘ |
significant share of the job creation + Development of new value fields, which have not been fully investigated by OEMs or Tier1s so far, for instance | o
e eaeaeeeaeeeEaeaeEeeaeseEeaeEeE e A eE et A ee ARt anE AR SRR et sAeE s anE et s A e s et s are e X on cybersecurity which will become a strong point of attention | AdVg"CG? R&D ?k'”s :
i Revenue generated per FTE is estimated to be around ¢. EUR 200 k l__ _e\f ci)nlen_ .

Source: Expert interviews, Roland Berger Roland Berger | 14
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