_—_

In collaboration with

ﬂ:centu

Prof.

X

il, 22n4 2026 4

Versio 2¢ Bergisch Gladba

WWW.auto-institut.de




The SoftwareDefined Future: Racing Toward the-Briven Vehicle¢ REPORT 2026
How Global Automotive OEMs Are Navigating the Paradigm Shift from Hardware to Software Centricity

Authors:
Prof. Dr. Stefan Bratzel (CAM), Bigim. Ralf Tellermann (CAM)
Dr. Christof Horn (Accenture)

Contributors:
Lukas Milan (Accenture), Sai Hung Weng (Accenture)

Citation style:

Bratzel, S.; Horn, C.; Tellermann, R. (2026): The Sofefneed Future: Racing Toward thetiven Vehicle REPORT 2026. Wdslobal Automotive OEMs Are Navigating the
Paradigm Shift from Hardware to Software Centricity. Center of Automotive Management in Cooperation with Accenture, Glediiach.

Cover image: CAM/Al generated




Content (I)

1. Objectives and methodology

1.1 Objectives and subject of the study
1.2 Methodical approach
2. OEM development of softwaralefined vehicles
2.1 Status quo
2.2 OEMs SDV fact sheets
3. Revenue potential of OEMs through SDV
4. SDV archetypes & way forward
Appendix
1. Bibliography
2. About Center of Automotive Management

3. Contactimprint/ Copyright

Page

12
18
18
52
64
68
75
75
78
84




Executive Summary (I) CENTER OFg

The world of automotive development is currently undergoing major changes. While just a few years ago the focus wasarinaadlyare innovations driven by the
paradigms of "stronger, faster, furthegsbftware developmentwith its diverse functionalities, is now taking center stage. Global automakers are respondingotaroiigm
shift in different strategies and, above all, at different speeds. While many new players are developing their vehicles frarare-sefitric perspective from the outset, many
established OEMSs are grappling with the high complexity of various hardware and software platforms and comparativelyelopmeet/cycles. Differences in corporate
culture also represent a significant factor in the development of new vehithesnext step towardal-defined vehicleds already visible, with some manufacturers
emphasizing this direction. Initial Al applications at the product le¥et example, personal assistargare being examined

The aim of this study, conducted by the Center of Automotive Management (CAM) and Accenture, is to d&ioplatform FrameworBased on an analysis of ten

automotive OEMs. Using this framework, the study provides a structured overview of the key SDV areas and outlines dpisezpfor the successful development of a
SoftwareDefined Vehicle. The ten sample OEMs serve as examples of different implementations within the SDV frameworkirPtltgrassa is currently very dynamic, as
evidenced by the presentation of many innovations at events such as IAA Mobility 2025. In addition to desk researchsaaf h&Ms innovation database, an expert
adzNSe A& 0SAy3d O2yRAzOGSR G2 ljdzZh ft AdF GAGSt @ RSGSNYAyYy®BueKi& this pugpés® a Gl Gdza |j dz2 o |
As a resultthree archetypescan be identified, clustered along two dimensions. Firstlydiaeelopment progressegarding the softwaralefined vehicle varies considerably

among the OEM. Development progress is determined based on seven criteria derivedAMatCoCoC@nodel (Competencies, Cooperation, Culture & Organization): The
OEM must master four decisive competencies like a unified software platform or a central computer strategy, OEMs neesthparniviegre necessary, and finally the OEMs
company culture as well as the organization must support software development. All these criteria are necessary to syidessdfpl an SDV. Secondly, these archetypes

differ in terms of thetechnical manageabilityf the hardware and software platform landscape of the OEMs. High manageability means less complexity: The fewer hardware
and software platforms an OEM has to manage, the easier it is to introduce SDVs across the entire product range.

Archetype 1: The SDV Leaders

A Companies in this category are characterized by a high level of maturity in their Seiwfined Vehicles. ThesevOEMs haveetteped theivr vAehicIes frorp tAhe ground
dzLJE & 0F NI AYy3a gA0GK GKS a2F0G61 NBZ YR KI@S y2i KIR (2antdyesyeinius NitaBlishedaNtbniakels (i T 2
in terms of platform and variant complexity. These OEMs are structurally better positioned to industrialize SDVs andédqrédpanext step toward Adlefined
vehicles.

A A unified software platform enables ovére-air (OTA) updates, with an update frequency of at least monthly, and sometimesyw€eknprehensive Al integrations
offer customer benefits in terms of vehicle operation and advanced functions such as autonomous driving. On the hardwafiensidat powerful, central computers
are easy to keep ufp-date, and data transmission takes place via a {sigbed Ethernet bus. Such a hardware architecture tesallower weight and saves costs for
the manufacturer.




Executive Summary (1l)

A Cultural aspects also support SDVs: These companies are sottevare, with flat decisiormaking processes for new featuresdarapid development cycles ensuring
continuous improvement, while always keeping the specific automotive requirements and their high safety standards inthienchde of less safetyitical functions,
iterative processes provide a mechanism to handle uncertainty by allowing for the swift correction of faulty decisiosterntamsih established software engineering
practices. Regarding partnerships, companies in this category are particularly selective, focusing on maintaining thisiooven iouchpoints and data sovereignty. A
significant portion of critical software development takes plac@aunise.

A Archetype 2: The Fast Followers

A This archetype is characterized by the fact that OEMs have already reached a high level of maturity in some criteriagueisiseisstill possible and necessary in
others.Some OEMare still in the early stages of developing a unified software platform as well as a centralized hardware strategy.proéuason models are
available, but the SDV product portfolio is expected to grow to a dedigie number within the next two years. These OEMs haueady successfully rolled out one
technical advantage of SDVs: the ability to wirelessly deliver additional functions to the vehicles or fix errors viaa@®BA upd

A Another important future topic is the integration of Al technology, where we are focusing on proelated applications. Thedstest competitors” are characterized
by a comprehensive, personal voice assistant and a learning operating concept that continuously improves its understardirsgioand, ideally, proactively
automates operating steps. These OEMs have internalized the fact that they can and must benefit from the technologicsd @xipertright partners. For example,
they collaborate with competent partners such as Nvidia, Momenta, Amazon, Google, Spotify, WeChat, etc., on cloud shiptiecisnology, and, not least, content
integration.

A In addition to the technical factors described, the criteria of "culture and organization" represent a significant obstéieiepath to SDV development. Traditional
automotive manufacturers are industrial companies that still need to learn how to develop software. While the focus used tbd"start of production,” i.e., the
market launch of a finished, new vehicle model, the decisive goal today is that software is never truly finished. Thikeagefdiis continuous improvement, while still
ensuring compliance with automotive safety requirements.

A Archetype 3: The Catehp Players

A Even more so than premium manufacturers, voluoreented OEMs with their traditionally lower margins and high output, facefigni challenges on the path to
SDV (Softwar®efined Vehicle). They must convert considerably more platforms, convince more employees, often deal with ters,@ard adapt their often more
cumbersome organizations. All OEMs of this archetype should recognize this and must develop unified software platfaneispiarket launch, however, is still
pending in some cases.




Executive Summary (lll)

A Overthe-air (OTA) updates are already possible in addition to simple infotainment upalatieis OEMsThere are also significant differences in Al integration, where
some manufacturers have already made considerable progress. Severalpgitdyers aralreadywell-positioned in establishing suitable partnerships that take
regional customer needs into account, for example, with partners like Waymo, Huawei, Microsoft, and Xiaomi. In termsotdrtheutture and organization”, OEMs
of this archetype still lag somewhat behind the best in the industry with lower software orientation and higher hierarchies.

A Revenue potential through SDV

A Customers don't buy software directly. But it is the prerequisite, the "enabler," for the rapid and custoieeted realizatio of innovations and added value from
connected features and services. Software, data, and Al enable innovations in various technology and application afisezs. (menersion factors),
connectivity/infotainment, autonomous driving, and more. These areas contaifuthee revenue potentialandprofits of the automotive industry.They are also
increasingly shifting to the pogturchase phase and enabling regular after sales reveqegsn for electric vehicles.

A The resulting new value creation asdftware & services revenue potentidtom SDVs, for example in the areas of infotainmertpemerce, charging, EV
ecosystems, and autonomous driving, is estimated at araundn 1 0 A f fank 2oyild ikcséasa ta approximatelg5 billion by 2035PotentialAverage Revenues
per Vehicleo ! wt +0 Oly Ay ONBIasS FTNRY (KS OdzNMByal dwfupkmn oimh ne thigughmaddiignallsdrdicdemadA Y I G St &
significantly larger fleets of suitable vehicles, including an increasing share of electric vehicles. At the latest theenites that OEMs currently have to invest in the
development of SDVs will be recouped through new revenues and profits.
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Objectives and subject of the study
SDV framework of 10 OEMs

This study develops a SDV Platform Framework based on an analysis of ten automotive OEMs in order to provide a structoveshovethe key
SDV areas. As a result, three OEM archetypes are developed that show the different levels of SDV status quo.

A The Center of Automotive Management conducted in cooperation with Accenture a study on the "Platform FrameworkSurvey by CAM in cooperation with Accenture
of software defined vehicles with the help of a sample of ten global OENsstudy aims to provide an overview based
on a framework that is necessary for the successful development of an SDV. L

A The ten sample OEMSs serve as examples of different implementations within the SDV framework.

A As a method, the study utilizes desk research, including the CAM innovation database, and an expert survey to determif
the OEMsstatus quo This is supplemented by internal CAM/Accenture expert workshops.

A The individual chapters and contents of the study is presented based on theses clustered by topic (e.g., problem
statement, solutions). Furthermore, the content will be illustrated with examples aigeh analyses.

A The study examines in total ten OEMs from different countries with both new and legacy manufacturers and with
premium and volume focus in order to provide a broad overview and to uncover differences in SDV status quo. These
differences are clustered in three SDV archetypes.

= ® o S @
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Objectives and subject of the study
Success factors

The success factors of SDVs lead to faster development and shortertirmearket. OEMs must strategically leverage the speed/adtages of SDV
development to remain competitive, especially against innovative startups and new players from China.

A The success of SDVs depend on several aspects.  Success factors of SDV leading to faster development speed
Forming effective partnerships is crucial casnpa
niesneed to participate in broader ecosystems,
carefully select strategic partners, and proactively Comprehensive
align with regulatory developments. The OEMs
organizational framework must be adapted with a

Framework:

Organization
A Softwareoriented

Al integration Framework: Culture

software2 NA Sy SR Odzt GdzNB FyR f Saa A R&D 1Ay]  organization : _
A Production A Fast development A Continuous delivery
A Strong software competence becomes a key A Vehicle features 6al KAyl &lLJS8R ¢ A Software evolution,
differentiator, meaning that product innovation A Services defined release cycles
should increasingly come from software rather than A Innovation culture

hardware, supported by reusable components. High
data competence is essential, including the ability

: . Hardwar m nce
to integrate big data, leverage fleet data for ardware competenc O
continuous improvement, and use virtualization to A Central computer Software competence

accelerate development.

o _ . Strategy _ o A Productdifferenciation
A But hardware expertise is also a basic requirement A Zonal E/earchitecture — via soft not hardware
in the form of a central computer strategy with a Reusability

zonal E/Earchitecture. Comprehensive Al
integration must span the entire value chain, Partnerships
including research and development, production

differentiating functions
Opensource software
on nondiff. functions

A
A Pooling resources on
A

OTA updates

processes, vehicle features, and related services. AR Ecosystem play
A Partnership selection A Connectivity
A Proactive, regulatory A Fleet data usage
alignment A Product lifecycle
Source: CAM.




Objectives and subject of the study
Advantages of SDVs from a customer perspective

Win-win-situation for customers and OEMs: On the customer side, connectivity and connected services expand the functionah laomiztherefore
require a new softwaredefined vehicle architecture.

A "Connectivity & Connected Services" creates new customer benefits through infotainment offerings and at the same ti§B®\ Advantages: Customers

is an enabler for other services such as driver assistance systems or autonomous dgaingh&ging services; e

commerce, etc. The prerequisite for this is an electrical/electronic vehicle architecture that enables comprehensive vehicl g elel Tl RS R 0 B L ) R R 6

networking, including ovethe-air updates and functionen-demand. Central elements are a cloud connection, a uniform
vehicle operating system (software basis, possibly dordapendent) and a central computer architecture (hardware .
basis). Vehicle (IF)Architecture (EneR-End)

A Theadvantagesof such an architecture from thend customer's point of vievare in particular:

A Updateswithout a visit to the workshop: The vehicles can be updated via-thesgir updates (OTA) and improved with
additional functions.
A Improved user experiencedrivers can customize and personalize their driving experience to meet their specific needs. { ifical

|
A Greater driving safetyThe softwarefirst approach with the implementation and maintenance of ADAS systems or Al -

assistants can reduce accidents in road traffic.

A Efficiency and rangeAdjustments in the vehicle software, Al and machine learning can increase efficiency and increase ] Sensor/
the range of the vehicle (especially in conjunction with electric drive). Dser

A Payment deviceThe vehicle can serve as a payment device, e.g. for charging services, but also for numerous other

services. In-Vehicle
i X X X . i i . . HMI — Human Machine Interface
A Continuous optimizationRegular updates and the use of artificial intelligence ensure the continuous improvement of i ossino W oses I son/
the on-board assistants and avatars. e E . .

A Third-party integration: An open ecosystem allows for the integration of thrakty applications, expanding the Services / Software Stacks

possibilities for drivers and passengers almost indefinitely. CAR-OS - Betriebssystem

A Higher residual valueWhen reselling, a higher residual value can be achieved compared to traditional vehicles, as the
models can still keep up with newer generations even after a longer period of time.

Source: CAM.
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Objectives and subject of the study CENTER OFg%
Advantages of SDVs from a OEMs perspective MANAGEMENT ks

One the OEM side, SDVs are simultaneously a prerequisite for rapid product development and lower costs, as well as fareftdare potential

with networked services and new functions.

A Theadvantagesof such an architecture from th@EMs point of vieware in particular: SDV Advantages: Manufacturers
A Lower development costsAfter platform development for SDVs, easier and more-effsictive differentiation of the
group brands and models, resulting in higher revenue potential, eguenice software for nowlifferentiating functions. Complete systems for (end) customers
A Higher development speedshorter development, faster tim-market, esp. when reusing software, greater flexibility. v

A Updates without a visit to the workshopThe vehicles can be updated via otlee-air (OTA) updates and improved Vehicle (ITArchitecture (Ene2-End)
with additional functions, lower costs for OEMs

A Improved user experiencedrivers can customize and personalize their driving experience to their specific needs, bran
and model differentiation within one platform

A Efficiency and rangeAdjustments in the vehicle software, Al and machine learning can increase efficiency and increase q N -artifical
the range of the vehicle (especially in conjunction with electric drive), lower CO2 emissions, avoidance of fines (EU) ] ]elllgerlce

A Continuous optimizationRegular updates and the use of artificial intelligence ensure continuous improvement of on

board assistants and avatars, easier error elimination, function integration Scnsorf
ensor,
User

A Third-party integration: An open ecosystem enables the integration of tkpatty applications, expanding the
possibilities for drivers and passengers almost indefinitely, creating new partnerships

A Customer loyaltyBy using customer data, loyalty can be increased thanks to personalized offers. In-Vehicle

A New revenue potential OEMs hope to open up new revenue channels with softvdfined vehicles. Software — HM'_Hmm Bode/
updates, ondemand functions and the monetization of data are expected to lead to increasing revenues. "'5"":53 E

A Improved customer orientationbetter adaptation to different markets and customer groups through pure software Servicas / Software-Stacks

Source: CAM.
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Objectives and subject of the study CENTER OF
Platform readinessCoCoC@nodel MANAGEMENT

.S
Uto|

From an OEM perspective, theéoCoC@nodel captures the critical success factors for the effective introduction of softwdefined vehicles and
provides the foundation for deriving assessment criteria for OEM SDV readiness.

A In times of high market and technology volatility, /| | a GdCoCnhodel
competitive advantage is no longer driven by {pro
RdzOGa If2yS o0dzi 08 Iy h9aQaggloAfAde G2 FRIFILG ljdAaO1feo
. ASR €oCo@pK ¥2RSt O2YLIS s% 022 LISNJ Volatility / Turbulence
ation, culture, and organization are decisive factors.

L . igh
A Within the model, there arenutual dependencies g RanroTERCES COOPERATIONS
) Software & Electronics ATechnology
between the factors: Expertise Partnerships
. . A Artificial Intelligence (Al) A Clusters & Alliances
A As competencies increase, fewer or different ABattery & Energy AResilient Supply
collaborations are needed. At the same time, Technologies Chains
both the mindset and the organizatiorstruc- APlatform & Data AEcosystem Thinking
Competence A Crossindustry

ture must align with these competencies;
adjustments may be necessary.

% '@CO Gjlt‘

ure

A Agile Project Management  Collaborations
& Scenario Planning
Alndustry Diversification

CULTURE / MINDSET ORGANIZATION /
AResilience & Learning STRUCTURES

Level of Change

(direct/indirect environment)

Comp. COOp \ Orientation A Small, Fast Units
v Orgamz A Customer Focus & AOptional Spiroffs
Service Orientation AAgile, Modular
A Conversely, the same applies: if one's own eom A'E;‘,“OV&F'OH fch, y AArchitectureS |
. . .. . . isruptive Thinking CrossFunctional
petenc!esare insufficient, !ncreasgd gooperatlon ASustainability as a Teams
is required as compensation, which in turn must Core Value APortfolio Strategy
be organizationally mapped and brought to life. AEntreprerialSpirit & AResilient Supply
Flexibility Chains

59 ‘ low B stanility (relative)

Comp Coop. anniz

?JC C
» | Coop. 4+ Giure vesieiay oy f_Tomoron____
Source: CAM 13
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CoCoCnodel and SDV assessment factors MANAGEMENT

A A Softwaredefined vehicle (SDV) can be described Assessment criteria of SDV progress

as a fully digitalized car. All functionalities, including
driving, entertainment, communication, safety, and 9
comfort, are enabled, managed, controlled, and Unified software platform 1
customized through software.

A SDVs are connected to the cloud and interact
digitally with their environment. New functionalities OTA Upd ates 2
are continuously deployed owhe-air (OTA) CO
without requiring hardware changes. Competencies

A The survey identifieseven success factofer Central computer strategy 3
OEMs in order to develop an SDV:
A Four decisive competencies like a unified soft _ _ _

ware platform or a central computer strategy, Vehicle Al Integration 4

A OEMs need partners where necessary;,

A OEMs company culture as well as the s i i 5
organization must support an SDV development. Cooperations Strateglc o partnershlps
CONCLUSION E'ture 6

As aresult, a SDV ages more slowly becau *
can continuously adapt to the everyday live ganization

of its users. Source: CAM.
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AUTOMOTIVE \
Key elements MANAGEMENT

The me}hodology of this study is based on the three pillars of "desk rpsearch", "evaluatiodsitdmotiveINNOVATIONR | G 6 F &Sbh Iy
AVUOSNIASGEaAEY (KdzA Syadz2NAy3a aOASYUAFTFAO | LILINRIF OK®

A Desk research includes information gathered from Key pillars of method in this survey
OEMs press releases, official reports and other
sources. Scientific sources include the German
language and international specialist press as well
as news portals.

A The AutomotiveNNOVATIONS database includes Desk research
the individually evaluated and categorized vehicle
technology innovations, particularly in the CASE
technology fields of connectivity, ADAS/AD, services
and electric mobility. In this context,_ the database is : é é 2 F / - Q é
used to analyze data related to vehicle software as

well as OTA updates, connectivity and vehicle AutomotiveINNOVATION

interfaces developments.

database

A To supplement and verify the information gathered,
expert interviews were conducted. Some of these
were carried out directly, while others involved
relevant secondary sources.

A A key element of the study is the status quo analysis Expert OpiniOnS and
of selected OEMSs. For this purpose, all collected .
information was presented to an internal evaluation survey Input

committee.

Source: CAM.
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AutomotiveINNOVATIONfatabase MANAGEMENT ks

A The Center of Automotive Management conducts ~ AutomotivelNNOVATIONGatabase

an annual inventory of current innovations by 30

. . . Evaluation
international automobile manufacturers and Research 4 A
innovative startups with approx. 100 brands. It ol oo A Innovation strength

X . . innovations of global OEM = Innovation level * Originality * Maturity *
provides an accurate picture of upcoming (1+% Innovations benefit)

i . OEM Press Press Motor

automotive technology trends in the passenger car News Coverage Shows Maturity .
sector. o Pepagha . X B - (eifgra — s

Crmrvminn
v

> va'ﬂé_’;’ﬂmm@@

A After der verification of the innovation, each

TOYOTA s @ ) &&= P - World-first innovations
innovation of the OEM is categorized using more - e el SyEIn=Y — J——
. ; - . . (Originalitat) [T
than 60 attributes, like technology field, innovation _
type, segment, maturity etc. Verification Benefit | Eﬁf?:
L . . H i i i K d t .:\:?r;);men
A In addition, innovations are systematically evaluatec sl 5 o e Verstity
based on the M.O.B.IL approach. Each innovation — e e
A 4w v R A r = X 2 22N e o N . -
ASua I aaO2NbBa | OO2NRAY |2 A = a2 A . Innovation ery igh | T 2utomobile i decsively changed nterms of
Concept), Orlglnallty (WOI’ldIrSt VS. Compaﬂyll’st), ?@ Leve' "hight The existing basic characteristics of the automobile
. . . - 4 are substantially improved, high customer potential
beneflt for the CUStomer! and II’]I’]OV&tIOﬂ Ievel (IOW < . (|nn0\fﬂtl0n53rad) [E—— An automotive‘s’ub;stem issgubstantiallyiTnproved,
vs. high). This results in an index value for each Corin cutomers recehea el desiable
. . . . "low’ . . .
InnOV&tlon, WhICh Can be aggregated |nt0 totals for added value, can improve customer satisfaction
car groups, brands or models as well as whole Categorization - :
countries or world regions. et DEFINITIONnngvatlons are understood as new developments that are of particular
innavation Types ke economic significance for the OEM or the passenger car market. To be accepted as ¢

A For this survey, the database delivers innovation (=T
input for the selected OEMs and supports the SDV = f—
assessments. H

innovation, a technical novelty must meet three conditions:

1. Noticeableadditional benefitto the customer, different to previous state

2. Presentationin an appropriate manner (e.g., press releases, trade fair etc.)

3. Availability in the form of (pre)productionready products or at least prototypes

Source: CAM.
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Methodical approach
Expert opinions

The expert interviews verify the researched data and facts and supplement them with additional assessments, e.g. on thrs éictolture and

organization or platform strategies.

A The ten car manufacturers were selected to ensure Expert opinions: Contents of the guided interviews

a sample of typical cases of car manufacturers
covering premium and volume OEMs as well as
newcomers. Methodologically, the study carries out
a preliminary assessment based on the researched
data and facts using the seven assessment criteria.

To verify these assessments, expert interviews were
conducted with top management representatives
(e.g. Chief Technology Officers) from selected OEMs
and others. The conversations lasted approximately
30 minutes and have been conducted in parts du
ring scientific conferences. In addition, thematically
relevant interviews from secondary sources were
evaluated.

The content focused on five key themes, i.e. on how
OEMs manage culture, software ownership, system
complexity, vehicle architecture, and Al integration
in the shift toward softwaredefined vehicles. It
emphasizes understanding current capabilities,
future plans, and organizational changes required
for continuous delivery, centralized computing, and
differentiated Atbased user features.

The final assessment of SDV readiness was based on
desk research and expert discussions during internal
workshops by CAM and Accenture.

MAIN TOPICS FOR THE EXPERT SUR

Criteria*

Complexity:How many SWlatforms do OEMs currently maintain g
across their vehicle lines? >~

Architecture:How is the OEMs leading E#Echitecture designed,
e.g. in terms of centralized computing?

Al integration:How do OEMs use atrtificial intelligence and ensu
differentiating invehicle user features?

SDV CultureHow can OEMs ensure a mindset shift in their
development organization towards "continuous delivery"?

Software first:What level of irdhouse control do OEMs currently
have over their software stack? What are their plans?

Source: CAM.

* Key criteria for the expert survey; other criteria are mainly obtained through desk research.
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SDV: Status quo
Share of global innovation strength in the automotive industry by countries and regions

Chinese OEMs rapidly increased the innovation strength in the past five years and have overtaken their German counterpsatisoBthe
evaluation of 600 to 800 yearly rated series innovations the Chinese global share of innovation strength climbed to moré@¥an

A In 2024, China reached an innovation share of Share of series innovation strength by countries/regions* 2@P024** (in %)
46.5%, which can be attributed to intensive invest

mentsin digitalization and software, in addition to
electric mobility. Germany, once a lostanding

leader in automotive innovation, has experienced a o0 % Avatr, BAIC, BYD, Geely, GWM, SAIC, Aiways, Cha
decline in its share since 2019, then stabilized Chery, LiAuto, Nio, Xpeng, GA€apmotoy Xiaomi
around 25 percent with a slight upturn in 2024. This
reduction is likely due to several factors, including
the challenges of transitioning from traditional
vehicle platforms to new technologies like SDV and
autonomous driving systems, areas where China is
increasingly taking the lead.

Region @ China @ Europe @ Germany @India ®Japan @ South Korea ® USA

40 %

30 %

A The U.S. OEMs have experienced a marked loss of
share since 2022, falling to 9% in 2023, now rising
to 13.5%. while Japan declines to the worst value of
only 5%. This suggests that traditional automotive
markets are increasingly being outpaced by the in
novation capacity of emerging players like China.

2 L

Share of innovation strength

A The European automotive share, excluding
Germany, remains relatively stable with a share of
6.5% in 2024, though at a comparatively low level.
Other countries, such as South Korea and India,
continue to be marginal players in the global . -
innovation landscape of the automotive sector, with 7 oie 2017 3018 3019 2020 2021 2022 2023 2024
shares of at most 3.7%.

10 %

Source: CAM, Bratzel/Tellermann 20&5afikPBt8 OEMReg

* Countries according to the headquarters of the OEMs. From 2020, methodological adjustments in innovation assessmetighigniamited comparability with previous years. ** All data in current year is unconsolidated and preliminary.



SDV: Status quo CENTER OFg=y
Overview of SDVs on global markets MANAGEMENT

} The progress of SDV development has accelerated significantly since 2024 and will continue rapidly in the near future.

A Tesla Model S (2012) is considered one of the first Past and planned market launch of SDVs of selected OEMs*
true softwaredefined vehicles (SDVs) on the mar

ket. It pioneered OTA updates and an early form of .
centralized vehicle software. Tesla Model 3 (from Past/SDV H |St0ry SDV Plans
2016, with zonal architecture) represents iampor-
tant step toward a modern, modular E&tchitect

AUDI E7X, VID.Unyx07

ture that later became an industry reference point Nio Firefly (China)

A From 20182022, more SD¥riented models :
appear across manufacturets including Nio (EC6, BMW X3 BYD Seal 08/
ET9), Lucid Air, Rivian R1T/R1S, as well as Mercedes ab Sdzs Sealion 08
Benz CLA/GLC and AUDI E5 Sportback for the
Chinese market. TeslaCybercab

N < oA . A A oA ) , Model 2
A¢KS fFdzyOK 2F GKS .a2 A-0 abSdzS Yil &aasSé O6HnHpO

symbolizes the strategic shift of major OEMs toward
software-centric platforms intended to underpin
multiple future vehicle lines.

Stellantis STLA

Nio EC6 SDV platform

A The period 20242030 shows a clear acceleration in
SDV roadmaps: many manufacturers are planning
vehicles with even higher software content, centra
lizedhigh-performance computing, and extended Tesla Model 3
OTA capabilities, e.g., Rivian R2/R3, Tesla Model 2. (zonal architecture)

MercedesBenz @ Toyota RAVZ/
GLC Lexus ES

Tesla Model S

Audi A4 etron

Geely:
Zeekr001

Nio ET9 VW ID.Everyl
(high SDV level (Europa)

A The planned models from 2026 onward illustrate
how SDVs are moving from premium vehicles into

high-volume segments, e.g., Toyota RAV4, VW 2012 2014 2016 2018 2020 2022 20 2026 2028 2030
ID.Everyl.

Source: CAM.
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Assessment criteria

The survey identifies seven success factors for OEMs to develop an SDV: Besides own core competencies OEMs need thaerghape&8DV
oriented culture as well as organizational requirements.

A To reliably measure the SDV platform readiness of Qverview: Seven criteria to assess the SDV readiness of OEMs and examples of operationalization

OEMs, the seven criteriaderived from the
CoCoCmnodel¢ were operationalized using various
parameters. While some of the parameters are
easily measurable (e.g., SDV status in the model
portfolio), others require an estimation of the
current situation (e.g., corporate culture). The
methodology addresses this by incorporating
extensive desk research and expert opinions.

A The seven criteria outline the importance of
technical enablers such as OTA update capabilities,
centralized computing architectures, anddlven
vehicle functions. Strategic dimensions like
partnerships, company culture, and the shift toward
a softwareoriented organization are highlighted as
essential for SDV success.

A For each criterion, the method provides concrete
measurement factors such as market experience,
OTA update frequency, Al functions, and vehicle
development speed that illustrate how the status
guo is operationalized.

A The following slides in this chapter present each of
the seven criteria individually in four steps: Intro
duction of the criterion, meaningful example, status
guo of the 10 OEMSs, and conclusion.

1 Unified software platform

2 OTA updates

Central computer strategy

Vehicle Al integration

Strategic SDV partnerships

SDV company culture

SDV oriented organization

~N O O1 B~

Source: CAM.

A Market experience with SDVs
A Number of SDV models in global markets
A Number oft software platforms

A Vehicle domains addressable with OTA updates
A Fleet Size capable for OTA updates
A OTA update frequency

A Hardware architecture
A Bus system
A High performance CPUs

A Albased personal (voice) assistant
A Albased operating concept
A further Akbased application areas

A Selection of partners, complementary competen
A Quality of partnerships (regionality, scope), esp.
content partners, e.g. for infotainment

A Hardware vs. softwareentric culture
A Focus orBoPvs. continuous improvements

A Industry comp. vs. software comp. organization
A High vs. flat hierarchy

A Vehicle development speed

Presen
tation
Criterion

10 OEMs
Status
quo

Con

clusion
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SDV: Status quo CENTER OFg=R,
] . : AUTOMOTIVE 1\’
Software platform: From hardware to software orientation MANAGEMENT s’

} Software must become the primary driver of product strategy, business value, and differentiatioot hardware.

. . . _ _ Crit Software
A In hardly any other area is the paradigm shift from  Future trends of SoftwareDefined Vehicles " L platform
hardwaredriven to softwaredriven innovations as

evident as in the crossutting theme of _ 2010¢ 2020th 2025/2030
bLYT20FAyYSyl / 201 LA

ty

7 Userlinterface s) A Augmented RealityProjection of enhanced, dynamic content onto
A This is also reflected in the increased number of @ E the windshield, e.g., navigation, warnings, highlighting of hazards,
innovations in recent years (see below) s 9 e-commerce (e.g., fuel prices)
§ é A Interactive voice controlUser engages in dialogue with Al
Number of innovations § i S A Freely ppnfigurgple cpntrol surfaces ("virtual buttons™) with finger
800 ® 5 O recognition ("minimalism")
o 8 o A Holographic operatiorsimplifies and complements gesture control
700 % .S— HJ, _% A Anticipation: Vehicle anticipates driver wishes
610 8 E‘ 8 _c;ts A Facial expression recognitioof occupants, considering voice
600 "'q_) 4 E - control, driver monitoring as a component of assistance systems
c00 176 = § % _§ ("takeover request")
400 363 e Connectivity '5 g @ § A Enhanced OTA upd_ate_sontinuous data and function updates,-on
@ © c % demand feature activation, and eslemand use.
300 L '§ E E A Ondemand appscontext, event, and customer profil®riented,
> S 3 enhanced entertainment apps in autonomous vehicles.
200 E n % A Ecommercetailored offers for the driver and/or passengers based
100 Connected ’g @ on location, time of day, etc.
Services ,Ug) g A CaF'to-Ca.r, Qamo-ln_frastructure (C2x)complete netvv_orking of the
0 = 2 vehicle with its environment, other road users, and infrastructure,
Interface Connectivity & O 3 including situatiordependent features such as preventative traffic
O

Infotainment jam avoidance and automatic righf-way control.

Source: CAM, Bratzel/Tellermann 2025.
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Software platform: Eclipse foundation as an example for Gpeurce Software initiative

}OpenéZdszS ol as ft1 &S : 0KS AYRAZAUOINR QA |yYasgSNI 2 StAYAYlFGAY3

Crit. Software

TheEclipse Foundatiors atral, nor-profit organ OpenSource Software: Eclipse Foundati®DV Projects Landscape platform
zationthat provides a platform for opesource soft
ware development and collaboration. The SYr-
king Group focuses on developing opswurce code APPLICATION EXAMPLE PLATEORM
. /

and standards for softwardefined vehicles. Its goal is DEVELOPMENT | T0°ling | CI/CD Workflows APPLICATIONS DISTRIBUTION
to provide the automotive industry with a common,
scalable software platform to accelerate innovation.
A Opensourced, modular software components and l; & MANAGEMENT | \iddleware Twin | Abstraction 9ing Assistance

frameworks that are fully integrated into the

developer experience with a high degree of Safety Domain

Lighting

automatlon and virtualization. — e I Container
Automotive-Grade yp Runtimes

A High performance computers as well as legacy
ECUs. High standards for quality management,
security, and safety across all vehicle domains.

Open Standards

A9Oft ALAS az2fdziAz2ya R2yUi
but uses open standards to leverage the power of
open collaboration.

Community

A Itis the aim to build value together and welcome
new members. Joining forces on the ron
differentiating parts decreases tiri®-market and
enables sharing of best practices.

Systems

E’ IF\QIIC\)AlIJP CARLAD|  Godeliink| nARMAN | ST

B® Microsoft @ BOSCH VECTOR > @ GROUP accenture

Invented for life

KEY MEMBERS

Source: CAM, Eclipse Foundation 2025.

SCORE INITIAVE since 2024

A sSafe Open Vehicle Corepen
source project focused on develop
ping an open software core for SDV

A middleware platform situated
between OS and application layers

A goals: standardize the development
of complex vehicle software,
facilitate collaboration between
automotive manufacturers and
suppliers, accelerate innovations
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Software platform

} A standardized, modular SW platform and API structure is the foundation for reuse, scale, and ecosystem integration.

- Software
A Platform complexity varies considerably among Current software and vehicle platforms of selected OEMs in comparison crit. platform
OEMs, ranging from more than five different

software platforms (e.g., within the VW Group) to VOLKSWAGEN BMW _ _
. . STELUANTIS ercedes-Benz @ GEELY T=5L
just one platform used by new, softwadkiven GROUP TOYOTA GROUP ) werwass . ~

. X Superbrains e-Platform 3.0 esla unified software
brands like Tesla, Nio or Xpeng. E31.1 Arene STLA ABC Nﬂ/ 05 x* MB.OS I SEA R
. i models**
A Hardwarebgsed vehicle platforms algo contribute E312 . — MBUX e Py GEA 3.0
to complexity. For example, the mulirand Aditional legacy Additional legacy platforms based on 4 Q NIO
Stellantis Group has to manage around 16 different CEA Aotomotve Grade | |_Plaiorms basedan [
. - ~19 vehicle platforms -platrorm for Nio SkyOS for all
platforms on which vehicles are currently offered micxpene) || Ny, | e Chryle/ AWy || Addonallegacy || bridwenles || gy || corrent model
H H H Toyota T-Connect etc. R (P, PSA’ ST R ¥ . . platforms based on
worldwide. The goal, however, is to reduce this ssp Gy ||| SRS Platforms based on § | | uehicle platforms ike 11 vehicle platforms
. . . . B arge efc. platiorms like - Y , like SPA SPA2. CMA >X P E NG
number, with STLA Brain playing a central role in the platforms (TNGA-x) UKL, FAAR, CLAR, AOL| | MB.EA etc. and oo S M
. . fi latf : g ’ g d ma
future. Addiionatlegaey - VAN.EA,AMIG.EA MAP-ete | GEPn20, CEA (it
A The communication between individual Rt S o
vehicle platforms like
components via defined interfaces (APIs), both it Lol
. . . . Number of
within the vehicle and externally, is one of the ke
y e y ST::::':S >5 >2 >2 >3 >3 >2 >2 1 -2 (each)
advantages of SDVs. Here, complexity increases *
with the number of platforms. External interfaces, = Numberef
p vehicle ~ 1 2 6 ~ 1 6 5 6 4 1 1 1 -z (eaCh)

in particular, offer the advantage from a customer  platforms
perspective that additional functions can be

integrated via third parties. Tesla, for instance, only

has to manage one API toolkit and has made this
available to thirdparty software since 2023 (see
TeslaMa@023).
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Software platform: Conclusion

The "Unified software platform" criterion describes the OEM's ability to develop a vehicle softwgaideally for its entire praluct portfolio ¢ that
can be flexibly supplemented and improved with new functions across all domains.

A 9 . A , . i : Software
{ dzY Yl NBY {dzOOSaa ONAMAUSNRI FT2N a{2FuUugdl NB LI I U0F2N)¥E Crlt']_platform
T Description Software platform: BMW (exemplary)
THE STUFF DREAMS ARE MADE OF.

Market Years of market experience with SD\{sangterm SOFTWARE DEFINED VEHICLE.

experience with softwaralefined vehicles, like at Tesla, : — ‘ . ‘ r R S o

means greater progress on the learning curve and faster S >20 Mio. G e T -

1 Platform ¢ ted = up ¢ R | = )

developments in the future. ‘ . - _ | 2.
SDVModels Number of current and planned SDV models in OEMs | L L = — -

In addition to many years of experience, numerous model (D) B s vsications (S RS LN N B3 - h‘l’ 2l

introductions of SDVs (e.¥peng NIO) also speak in favo V3 == b  tunclons m,‘

of a sufficient software platform. I T o ]
Software platforms _ = | =¥ { 05 E 7| 4
" — -

[Crowd Data Collector

Platforms Number of current software platformsA low number of
Software platforms indicate the unified approach. Ideally,
one mature platform like Tesla would be be&tlditio-
nally, a high number of hardware platforms within the
group (e.g. Stellantis) increases the complexity.

Shored Service Layer
(standardized) = e
[Aulomolive Security

IV Performance CPU/GPU | Micro-Cmtroltcr-'

ecosystem, integration and analyt

Offboard platform, 37 party

Cloud ond edge

Image source: BMW

CONCLUSION

A "Unified Software Platform" is optimally implemented when it is already mature and rolled out across many of the OE
brands and models. For low complexity, the company should ideally have as few software (and hardware) platforms as [
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OTAUpdates: Example Chinese market

When it comes to OTA updates it is not all about quantity but quality: Beside mere bugfixes Chinese customers expect aldead tree form of
new functions and additional features.

- OTA
A One of the key advantages of SDVs is the possibility Share of OTA updates in China by update quality (Example: June 2025) Crit 2 updates
to keep the vehicles in fleet ujp-date. Therefore,

no visit in a repair shop is necessary, but updates
O2YS -h&lZSWB ohe¢! 0@ o~ g

A In our example market China, nearly half of OTA TOTAL w ©
updates consist of optimizations or bug fixes, while _
new functions make up about 41% and the re'ease Overa” TeCh brandS Chlnese brandS \]V & Western
of existing functions accounts for the smallest luxury brands
and releases of existing functions represent only a

small portion of their OTA updates. Source: CAMpews.sohu.com

share.
GraphicSDV03

A In terms of technology the voice assistant gets most A New functions

updates by far within the example period (84), .. . .
followed by navigation or map updates (52). Already Optlmlzatlons / Bugflxes

in third place is a safetselevant category: A total of A Release existing functions*
43 updates to driver assistance systems were

released.

A Tech brands provide a relatively balanced mix of
new functions and optimizations, but they deliver a
notably higher share of releases of existing
functions compared to other brand groups.

A Chinese brands and JV/Western luxury brands focus
more heavily on optimizations or bug fixes, while
new functions remain the secorAdrgest category

Source: CAM, news.sohu.com | June 2025 * Function is already provided on the hardware side (e.g. an assistance sgsédeasaddvia an update or software activation, e.g. after a purchase, subscription or trial period.
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OTAUpdates: Tesla

Overthe-air (OTA) updates are part of Tesla's brand DNA and are offered across all platforms for all production vehiclesgdtarn their first

model years.
- OTA
A One of the pioneers with OTA updates is Tesla. Since&Number of OTA updates: example Tesla Crit. updates
2012 these updates are possible in Model S and
during the last years the OTA frequency throughout Tesla Number of OTA updates (total) Tesla OTA feature updates (expl. 2" half 2024) ===,
the whole model range is continuously high with 200
July326 @ 2024.26
over 100 updates per year in 2024024), 4 - YouTube Music & Amazon Music
underscoring the strong software and lifecycle focus m 150 ket
of its vehicles. At Tesla, rlght from beglnnlng vehicle 3 o Parenta| Controls
RSGBSt 2 LIV S R28ayQi SyR e et T=ESLA
. . y u ayai y <1:z.l.(‘3\0u Jun. 19,2024 2024.26.100 _
production, just delivery changes. O I * Castle Doombad Classic
. 88 2024.32
A Approximately 70% of OTA updates address bugs, o Aug st 2024 Preitiv Txt o Navig: Searcches
while about 20% introduce new featurean = :gggsr\tl:)l:icfs:c:;ig: foiljr?re°_é’§fvice
indicator of stable software maintenance combined P il
with ongoing functional development. 2021 2022 2023 2024 202% Sept.21 2024 ¢ 2024.32.53
A Extensive functional enhancements via OTA:; The  Scurce: CAMIeslaScope025. GraphicSDVO5 Wntil endof Oct I ;Y)'Zinsf:;park
: Oot.1 2024 32,
I i + Hands Free Frunk
timeline for the. seco.nd half of 2024 shows that Tesla Number of OTA updates by type 2025* e e RFC
Tesla roII.s out mfotalnment, ADAS, comforj[, .safety Nov. 2 2024 & 202444
and service features via OTA (eAgitopark Vision (Pre-Holiday)
. . . - Cold-Weather Improvements
features, media apps, holiday updates), not just - Trailer-Friendly Superchargers
+ Visualization Tweaks
small software patches. - Service Mode Updates
Nov. 2 2024 ¢ 2024443
+Blind S i hile Parked
AiopukEahencanents
+ ASS (Actually Smart Surnmon)
Early Dec. 2024 ¢ Holiday Updat
e 7 -:pLI:)\lNat?:hi:p (Incl. Phone Key)
- Sentry | Dashcam Clips to Phone
« Rear Cross Traffic Alert
Bug Fixemm New featuresm N/A - Map Weather & Precipitation
« Search Along Route w/ Detour Times
Source: CAMTeslascop@025. GraphicSDV6 #ntil end of Oct 2025. * Maintenance Summary 27

Source: CAMIeslaScop2025,Notateslaapp20252. As of October 2025
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OTAUpdates: OEMs in comparison (Chinese market)

Winning OEMs shift from Starof-Production (SORgIriven cycles to a continuous delivery mindset, treating the car as a platfoinat evolves over

its lifetime.

OTA

Crit updates

A The softwaredefined vehicle with a corresponding  Number of OTA updates for selected automotive brands in China 2024/25*

E/Earchitecture (one or a few central computers) is _ _
what makes comprehensive OTA updates possible in Number of OTAJpdates 2025* in China (Top 20) a Chinese domestic brangze.s
ﬁ% Technology brand

the first place, or at least significantly facilitates 70
th 6
em. < 60 @ Joint venture brand
A The apility to keep a vehicle ttp-dat.e t.hro'ughout 3 38 s‘.ﬂ% @ Western luxury brand
its entire life cycle and even to equip it with g 30 e e -
completely new functions is one of the most O 5o % 3 SD D e 0 0 e 0 @ % ﬁb & a e
important advantages of an SDV from a customer S 10 I I . . . . . . . AL
perspective. <7y K 10 . . . HEEEEN
A The number of registered OTA updates in Chinese O € @ O & LA DL KOS SO XS
. Q > e NN S C ¢ & © Q& & 0
market in twelve month between July 2024 and AR P NS ¥ Af ,on?’ AT 27 K Q@“’b & Q‘b“ Q® (& Q@O <° &
June 2025 shows, that Chinese domestic brands as y Qg}* ° W\ \g,’b
well as technology brands (which are mostly Source: CAM.GraphicSDV02a ©

Chinese, too) are clearly in front. Western or even
joint venture brands are far behind e.g. BYD, Aito,
LiAutq Zeekr(Geely group) or Xiaopeng. German
Automobile manufacturers like VW, BMW,
Mercedes or Audi are not even present in the top
40 list and are ranked from place 52 downwards.

Number of OTAJpdates 2025* in China (Top-4D)

999%3300@%0@600@0@@%

No. OTAUpdates
ENWAUION
OO0

Unlike many Chinese OEMs, the Germeamu NN & SN V& S SN
facturersdid not yet have an SDV on the market & 6@* {\Q’b O& P ‘?“6& ng’} (}\e} & ée’}' N S %v\ (9@\ A\;z» o AQQ/ & & &
during the period under review. ®® KQ/{\% \(\@0"" & S > 0 S A3 S
N ) C >
& P d@‘\%
Source: CAM . GraphicSDV02b KEY: Brands of OEMs considered as examples in this study.

Source: CAM, news.sohu.com 2025. As of October 2025. * Midga€@24- 6/2025.



SDV: Status quo
OTAUpdates: OEMs in comparison (Chinese market)

Technology brands, as well as some traditional Chinese manufacturers, were able to develop SDVs directly without an platingn and in most
cases took advantage of this opportunity.

- OTA
A Brands with a strong focus on new technology like  Number of OTA updates in China by brand category 2024/25 Crit 2 updates
Tesla or Nio as well as more traditional Chinese
brands likeZeekr(Geely) or BYD took advantage of _No. of OTA Updates No. of OTA Updatgser Brand -
UKS d3IANBSYTASER | LILINRI OKE @ ¢K%§Br’§|§j'\t§dtebd?);2§)25}2 2025*
develop a new software platform for new cars with " "
build-in opportunity of profound OTA updates, not 350 % %12 11,3
only for infotainment or navigation maps but also g 319 g
for safetyrelated functions like ADAS or drivetrain. 300 = ) 10 WA Li Auto 97
A Most OTA updates in the period of twelve month up % %
to June 2025 cam from Chinese domestic brands 55 S VD S .u Stro
with 319 updates, followed by tech brands with pa B Z 8 P S
158. Joint venture and western brands follow at a T i
considerable distance with only 34 and 23 updates, 200 o L\NK2CO
respectively. - 6 | &
A If you look at the number of OTA updates not as an 150 = [ z==xr
absolute figure but related to the number of brands PR Qo 4 W NETA (T 3.8
in each category, the dominance of technology 100 7 - e Wiy — paestar
brands becomes obvious. These manufacturers are polestar 22 NI0 Avsion Buek 2,1
able to release updates almost monthly (11,3in 12 g @ 2 @ )
month), while brands like VW or Ford only get 3,8 23 St @ i
OTA updates. It is striking that premium brands like X ? X TN @ X @
) : 0 )| o
MercedesBenz or Audi are even lower, with around _ W _ 9
2 updates. It will be interesting to see of upcoming Tech brands Chinese™ JV brands Western Tech brands  Chines JV brands  Western
{5+34 tA1S aSNDSRSEQ /[! OFy AyONPRHES §KAa GKEYEHEE brands luxury brand
SourceCAM. GraphiS&DV02c Source: CAM.GraphicSDV02d

KEY: Brands of OEMs considered as examples in this study.
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OTAUpdates: OEMs in comparison (update frequency)

More of a hygiene factor than a sales argument: Chinese customers expect OTA updates. Besides the sheer number, the fidgagtays an
important role in the Chinese market.

- OTA
A In China, monthly updates are almost standard, and Update frequency: Share of month with at least 1 OTA update (IG)* Crit updates
some brands like BYD have a significantly higher
frequency. In many months of the observation . Tech brands 100% Chinese brands
period, BYD released between four and nine 100 92% 100% a

Share of OT#nonth
Share of OT#month

premium brands, this figure is only around 20

90% 83% 83% S 90% 83% 83%
0 0
updates, suggesting an almost weekly frequency. 382? 67% 67% 383) T BT ETT

L . 0 0 0 0

A Similar to previous analyses, the technology and 60% S%6—58% 60% °8% 58%
Chinese brands are leading in update frequency. The 50% 42% 50%
0, 0,
top 10 brands among these released at least one ‘3‘802 3802
OTA update in ca. 75 percent of all months in the 20% 20%
period up to June 2025. Among Western and 10% 10%
. . e . 0% 0%

Q "N
* \ Q

X0 S Q'\:b > 'bA &
percent. \v 2 J.r@ v \%OQ »5’ o 5@’2’ @Q@o“ Qe © \&q} Qe,@ «,@ é\@é *&9 Q/&«\
A Surveys show that 69% of Chinese consumers value . : R ¥ & \ A &
: ' i Source: CAMGraphicSDV7a _ ) P
over-the-air (OTA) functionality, and 62% would Source: CAMGraphicSDV7b
even be willing to pay for it. This demonstrates high 1000 JV brands 100% Western luxury brands
expectations for OTA capabilities in vehicles.**. < 90% £ 90%
5 80% 706 S 80%
A Studies on consumer expectations suggest that in g 0% & gggjo
. .. . . 0, 0,
China, digital vehicle functions, and therefore over G ggég 42% 5 con >0%
the-air (OTA) software updates, are now considered 5 40% 33% "GO: 40% 33%
. . « (O] 0,
crucial factors for vehicle sales.*** This means that S 30% 17%  17% 5 30% 17% 17% 17% 17%
. e . £ 20% 8% 8% c 20% 8% 8% 8% 8%
OTA updates are not just a "nit@-have," but are A 10% . . N 10% . . . . T
perceived by many Chinese customers as a standard 0% . 0% - ,
; Buick Toyota Nissan Baojun Ford VW Jetta N4 S 2 - A
feature of a modern vehicle. y ) %@% & %Q, & @ & &F 0&\\@ &@b% O
Source: CAMGraphicSDV7¢ g Q &
C
&
KEY: Brands of OEMs considered as examples in this study. N Source: CAMGraphicSDV7d
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Source: CAM, news.sohu.com 2025. As of October 2025. * Mdg@24- 6/2025. Topl0 brands each category, if applicable. ** Source: KPMG/Business Insider 2021: Impact of Chines&@Bpts [Rart 11). *** MHP 2023: The Software Race.
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OTAUpdates: Conclusion

¢ KS

ahc!

CENTER o“‘z

has left the factory.

{dzY Yl NBY {dz00Saa ONARGSNAF F2NJ ahe¢! ! LIRIFGSa¢

Aspects Description
. # TESLA UPDATE 2025.26

Domains

Frequency

Fleet size

Grok Integration | Release Notes

Number of updatable domainsThe domains differentia

ted are infotainment, comfort/body, powertrain, and
ADAS/AD. The more numerous and complex these
domains are capable of OTA updates, the more advanced
the OEM is rated.

Frequency of OTA updatebtot many updates, but the
ability to roll out updates with high frequency, if
necessary, is an important criterion. > 2025323

Frontal Airbag System Enhancement

Number of vehicles with OTAipdate capability:A large
fleet of vehicles capable of receiving OTA updates is a
testament to the OEM's extensive experience and an
important step in transforming vehicles from purely
hardwarebased products into connected, constantly
improving platforms.

Image source:: Tesla




SDV: Status quo
Central Computer Strategy

} Decoupling software from hardware cycles unlocks parallel innovation, faster timanarket, and greater flexibility.

CPU

A Vehicle electrical and electronic (E/E) architectures Types of E/Erchitectures with main application period and advantages of SDVs crit 3 strategy

have evolved through three main stages
distributed, domain, and zonal each offering
different balances of complexity, cost, and
efficiency.

A Distributed E/Earchitecture:Traditionally,
vehicles use many small ECUs, each handling a
specific function (e.g., braking, lighting). These
are networked via CAN buses, resulting in heavy
wiring and high system cost. Advantages include
modularity and redundancy, but scalability and
bandwidth are limited.

A Domain E/Earchitecture:Groups ECUs by

Distributed E/E

Architecture

1990
- 2015

Domain E/E

Architecture

function (domains such as powertrain, chassis, or 20 11)

infotainment), each managed by a domain
controller. This reduces ECU count and wiring
slightly while improving organization and
communication efficiency.

A Zonal E/Earchitecture:Divides the car into
physical zones (front left, rear right, etc.), with
one controller per zone handling all functions
locally and serving as a communication hub. It
minimizes wiring, enables easier software
updates, reduces cost and weight, but introduces
challenges with latency and cybersecurity.

- 2025

Zonal E/E

Architecture

20235 +

Source: CAMLeddarTecl2025.

>
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A
A
A
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Each ECU is dedicated
to one function

Modern vehicles with
more than 100 ECUs
Heavy and complex
wiring,

CAN bus network

Software coupled to
hardware

Domainspecific CPUs
with functional
division

CPUs controlling sub
ordinate ECUs and
sensors/ actuators
Limited OTA update
functionality

A One or two central

high power CPUs

Few zonal CPUs
controlling sensors/
actuators

Complete decoupling
of hardware, software
and car models/ SOPs

SDV Advantagesgmy/
(Example BMW) GROUP

4 central performance computers
(Superbrains)

CO-|OC0|:i0n for efficiency

<400wW

E/E system energy consumption

Physical headroom

for hardware upgrades

3 00/ 0 less weight
factor 3 . 0 0 0 less variants

Automated
production

of sub-harnesses
Source: Grote (2025)
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Central Computer Strategy: EAfchitecture

From domain based to zonal architecture: OEMs like BMW, Volkswagen and Toyota communicate their plans for future E/E ancstexchile

Gy Sgé LI I &S NE Xdedghase alteSdy farhely implanented] Mem.

- CPU
A Centralized approach as the foundation for SDV: Central computer strategy examples Crit. strategy
Major OEMs like BMW Group, Volkswagen Group or : :
Toyota are transitioning from distributed control BMW Funktionale Doméne KAROSSERIE & KOMFORT INFOTAINMENT AUTOMATISIERTES FAHREN FAHREN

units to centralized or zonal computing GROUP
architectures to enable softwardefined vehicles. . A A x x A
abSdzS YtlaasSe {

A Separation of hardware apd software: All examples oSuperbrainst 2 dzy R I
d e m o n St rate a C | ear | aye rl n g Of h ard Ware , BMW Core Platform BMW Operating System X BMW ADAS Platform BMW Driving Platform
m | d d | eware, an d Software p | atfo rms (e . g ., BMW Middleware ) “Shored Servce Loyer" i over-the-oir Updates, Cyber Sicherhet, K Plttformen, Datenmanagement, etc.

"Superbraindz ¢2&2dl b! NBYyltazr 2 /910 (G2 a&adzlL2 NEuu — =
Over_the_alr updates, data management, and AI V U L K s WA G E N BMW Core Brain Brain of Panoramic iDrive Brain of Automated Driving Heart of Joy

functions. GROUP

A From domains to vehicle regional zones and New China Electrical
centralization: The transition is evident from -
domainbased integration (e.g., ADAS, cockpit, ArCIteCture (CEA)
bOdy) to Zona”y networked arChiteCtureS Wlth a \(jslr::fl\/nasgag er]wti\r,wve;c'l}'(eeclth:)orl]ogy Company (VCTC), XPENG & CARIAD China|
central computer. Future vehicle architectures are
software-centric, updatable and integrated across

functions. H (EE ?
: ZONALS
A Pioneer Tesla has been relying on these core
elements since 2012: a Full SBliving (FSD) |

computer and a SeBased central infotainment ZONALS  ZheUTER
computer, additionally, there is a battery/ I
powertrain controller and a higepeed network ,

connection for datantensive functions.

Domain-based integration Centralized,
software-first architecture

AD/ADAS Cockpit. BodyFDyn‘amics AD/ADAS Cockpit Body Dynamics
/ o e

Lo P ver D D G

Arene

TOYOTA Arene Architecturgm9° soee: Tover

2026 (RAV4) and future

- .
" Arene
HW

WV

Cross-domain
Unification

Image source:: Volkswagen

ool —

Source: CAM | As of October 2025. * Next generation technology platforms, exact number of CPUs not published, ECUyg 5&daaed~60 units.
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Central Computer Strategy: OEMs in comparison

All OEMs are striving for a centralized hardware platform with a few hggrformance computers, while some OEMs have alreadpliemented this

new industry standard.

A OEMs have different plans concerning their
hardware layout of softwarelefined vehicles. That

affects the software platform as well the number of

central computerg; an important factor of
complexity and integrity.

A At Volkswagen Group, at least three software
platforms are planned: The already introduced E
1.2, which is used by Audi and Porsche already,
additionally the Chinglatform CEA, and for
western markets the platform developed by the
Rivian joint venture.

A Toyota and Stellantis have plans for the (near)
future to implement their central computer
strategy. Among the sample group, these are the
only OEMs who have not yet implemented their
strategy.

Central computer strategy selected OEMSs in comparison

. 7Y CPU
Crit. 9 strategy

VOLKSWAGEN

GROUP

TOYOTA

B1.2
CEA
Rivian JV

Arene
STLA ABC

Neue Klasse
MB.OS
Tesla

Sky OS
e-Platf. 3.0
SEA/ GEA

X-EEA

3V
7

4
3**

< < <K< <K< < < <

NO. OF
_ PLATFORM DESCRIPTION

Expl Audi with 5 High Performance Computers: HCP 1: Drivetrain and chassis. HPC
ADAS, HPC 3: Infotainment,. HPC 4: Comfort/body HCP 5: connectivity.

3 high performance central computers, reducingantitiy of ECUs by 30%, cress
zonal OTA updates.

Rivian with 7 central computers on current Rivian platform for: infotainment,
autonomy, motor drive units, battery management and others.

Areneplatform, first introduction with RAV4. 4 central computers for: AD/ADAS,
Cockpit, Body, Dynamics.

STLA Brain, STBMartCockpjtSTLAutoDrive partly still in development.

GbSdzS XX I & &8 NBupegokain&kyY nLWF 20 Ay YSy iz
driving dynamics and basic functions. Each with own software platform

|- dzi

2 high performance computers: Infotainment, ADAS/AD. Additionally 2 control units:
driving/ charging, body. 1 connectivity module.

Architecture in Model 3/Y: FSD (full self driving) for ADAS, MCU (media control unit)
for infotainment applications.

2 ShenjiNX9301 chips, 2 Qualcomm Snapdragon 8295 chips. Sky OS schedules task
on multi-core system.

X 0 5 200htbligr + 1 ADASompute (Orin; Higknd teils & Orin-X)

2 Core Computer (additionally 2 Zonal Controller)

1 zentraleSupercomputingPlattform + ADASECU (z. BXNVIDIA Drive Orin SoCs /
508 TOPS)

34 —

Source: CAM | As of October 2025V % implemented. ** Next generation technology platforms, exact number of CPUs not published, ECUs reduced by 50% on ~60 units.
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Central Computer Strategy: Conclusion MANAGEMENT Ruds®

The hardware side: In order to enable OTA updates with acceptable complexity, the fragmented electronic control unit atah&@cust transform
into a centralized architecture with a few higherformance computers.

A . o i o - CPU
{dZYYFE NBY {dzO0OS2a ONRGSNAI F2NJ a/t! AadGN}GSI&¢ Crit. 9 strategy
o CPU strategy: MercedeBenz (exemplar
Architecture Type of hardware architectureThe hardware architeet PAST E-CLASS MB.OS
ture has developed from distributed to domabased
ECUs. The next step and crucial for SDVs is the zonal l DISTRIBUTED | | MBUX COMPUTER I SUPERBRAIN
architecture forminimized wiring, easier software update ARCHITECTURE

and reduced cost and weight.

Bus system Type of bus systenfew, fast computers need a fast AD | MBUX m
connectivity with automotive ethernet instead of CAN bt [ N

or flexray Ethernet delivers sufficient bandwidth,

centralization and cloud integration. l_ _l |_ _I

Computers High Performance CPUs:iy 44 S R 2F G KS 2 Yearly releases Quarterly releases
functionc2yS 9/ 1€ Y2RSNY {5xa Yy
OEMs use a maximum of 4) but very fast computers for

e.g. autonomous driving with sensor fusion and Al
models. Image source:: MercedeBenz

CONCLUSION

Without a Central Computer Strategy, there is no true Softwieéined Vehicle. It is the technical and organizational key to
becoming OTAnabled, Alenabled, scalable, updatand serviceoriented.
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Vehicle Al integration

<

Stefapn
O
% CA
[ o
7.3 A
DUto-inctg

Al-driven engineering is the key lever to free capacity, eliminate inefficiencies, and dramatically accelerate development speed

Within the vehicle, Al i besides autonomous driving the key lever to improve a more complex interface for the driver andsgangers.

Al Integration in products (focus) and organization

- Vehicle Al
crit 4integration

Infotainment ¢l

e Intelligent Voice
Product - Assistants
related A Control various vehicle
i functions by voice
Impacts A Optimize royutes based on
(focus in this 0 KS dza SNRa LINEBT
survey)

Interface Assistant
A Automated operations
A Learning interfaces

Product Qualit
A Increased safety and comfort
for end customers

A Improved test coverage
A Automated consistency and

traceability reports

=

More effective driver

assistance systems
A Anticipation of hazards and

A Fast detection of other road

Impact of artificial intelligence on SDV

ADAS/AD Gn (2= 3

Services

Anomaly detection

A Plan maintenance proactively

A Reducing the risk of
breakdowns

automatic interventions
A Extending vehicle life

users by image recognition and
computer vision

A Behavior adaption to traffic

conditions and the environment
by machine learning

Cyber
SeCUTIty
A Automated software

vulnerability checks
A Automated errordetec-
tion and management

OEM Organization

Vehicle development

A Simulation/ testing
A X

Vehicle production
A Quality control and testing
A Manufacturing

Supply chain optimization
A X

Persona |
data protection
A Danger of customer

data leaks
A OEM data protection
management

Benefits

Challenges

36

Source: CAM, Valeo 2025, Bezerra 2025, PTC 2025.
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Vehicle Al integration: Example BMW

BMW is a good example of comprehensive use of artificial intelligence during the whole vehicle development and productieresywell as for

customer benefits.
Crit. 4Vehic|e Al

Al Integration: Example BMW Integration

Vehicle A Investing in tools to improve engineering processes, such as a tool for analyzing requiremenB MW
Development documentation and technical standards and regulations, to increase efficiency and precision '
development. G ROU /,

A Using Al in product development for comprehensive simulations, e.g., in the areas of crash
simulation, aerodynamics, and autonomous driving. This reduces the dependence on physical
prototypes and enables faster development cycles.

Vehicle A Goal: The fully digital BMVWWACTORBMW Al Quality Platform (AIQX) enables continuous
Production monitoring of production lines, redalme analysis of sensor and image data for rapid error
detection and correction.
A Research into the use of humanoid robots for complex assembly tasks, intelligent transport
systems, and autonomous driving of new cars as a logistics application on BMW factory premises.

G Produc! (3=

Product - Integration

related

A The BMW Intelligent Personal Assistant uses artificial intelligence to learn the user's personal
A

impacts Customer &=» A Use of an Abased assistant for customer questions around the clock, providing verified
A

habits from your voice commands.
Goal: Better information tailored to personal needs. Start market: Germany, others planned.

information from a knowledge database on BMW products and services.

.. Services : _ : =
(focus in this Proactive Care: Tools that allow the vehicle to automatically detect existing and foreseeable
survey) service or repair needs, often acting proactively and proactively offering the customer solutions.
Others A Artificial intelligence in purchasing: Tender Assistant, Offer Analyst,-agetit systenAlconi

Intelligent Personal Assistant. A new kind of driver-vehicle relationshi

Conclusion | Comprehensive and advanced use of Al, not only in vehicle

Image source:: BMW

Sl —

Source: CAM, BMW Group 2025 | As of October 2025
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Vehicle Al integration: OEMs in comparison MANAGEMENT
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In automotive product environment, Al support plays a key role especially in the areas of operating concepts and persdstrasgbesides
autonomous driving) .

: : : e _ _ Crit Vehicle Al
A Regarding the integration of artificial intelligence,  \ehicle Al Integration by selected OEMs - integration

the focus here is oproduct-related applications

for car interfaces.'l’wp application areas with OEM Al OPERATING~ 5 Al PERSONAL @
particularly large Al impacts are considered: CONCEPT 8 ASSISTANT @
A Al Operating Concepffhe system recognizes VOLKSWAGEN  AAudiAssistant: Learning from user routine AChatGPT integration

frequently recurring patterns (e.g., the daily: GROUP proactive suggestions and actions AVW Golf, VW ID.3 etc. (2024)

commute to work) or certain preferences of the AAudi A6 / Q6 gron, Porsche (2024)

driver and can make suggestions or even ANot implemented yet, only air condition th: Aln Arene platform planned from 2026 on

perform certain actions based on this. TOYOTA measures passengers' temperature for  AOwn GenAl LLM as prototype

= automatic control

A Al Personal AssistanThe voice control andl{f]]
8 Astill in development, together with Mistral AChatGPT integration

information is based on generative Al with Large Al APeugeot 208, 308, etc. (since 2024)
Language Models and enables comprehensive ABMW Intellient P | Assistant. learni ADevel ¢ of Kl assistant together with
. . . . . ntelligent Personal Assistant, learni evelopment o assistant togetner wi
interaction with the driver, e.g., regarding the from drivers' habits Amazon (Alexa)

vehicle, traffic, POIs, knowledge content, etc. APlanned for NeulasseModelle

APioneer with MBUX prediction features  AFirst OEM with ChatGPT

A Further Al integration, e.g. in vehicle production,
ACLA with virtual assistant for routines AAddressing >3 million customers

development or aftersales, provides additional

insights and innovation potentials for OEMs. AVenhicle learning operating concept for ~ ASince 2025 version 4 of Tesla owned Grok

preconditioning (A/C only) assistant is in Tesla vehicles available

CONCLUSION

Among the OEMs considered here, nearly

Aln combination with NIO learning operationASince 2024ioGPTor assistant NOMI, partner
and suggestions, but not fully automated  Microsoft Azure Open Al

: ; APassive assistant with suggestions APersonal voice assistant
make use of Al in the vehicle context at leas

for one application (e.g. Geely for interfaceg
personal voice assistants).

AAl interface in FulDomain Al 2.0 and48SD APersonal voice assistant

AX-Combo system APersonal voice assistant
APartly implemented, based on defined rules

38

Source: CAM | As of October 2025.
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Vehicle Al integration: Conclusion

The integration of Al into the vehicle is a customezlevant application made possible by the softwagefined vehicle. It paricularly simplifies the
increasingly complex operation of the vehicle for the customer.
Crit_4_VehicIe Al

v v

{dzY Yl NBY {dz00Saa ONARGSNAIF F2N) G+xSKAOfS 'L AYUuSaANIGA2YE integration
ASpects Descrintion Vehicle Al integration: BMW (exemplary)
P P THE BMW GROUP UTILIZES THE FULL POTENTIAL OF ARTIFICIAL INTELLIGENCE
TS 3 fEC
Assistant Al-based voice assistant/oice control and knowledge INITS PRODUCTS AND PROCESSES. AGENTICAI
retrieval using artificial intelligence as a thematically GENERATIVE Al Al ages, fge ol model,
ComprEhenS|Ve |anguage m0d8| Wlth regard to VethIe D:E:_IL:ARNINGI - Deep leaming m;thod;or%enemting new content such as the capabilities of Al.
X - ulttlayer neural networks leam text, images, audio and code. amples: post-smal one,
operation, traffic, POls, knowledge content, etc. e comple ot ol e e e /
stems imitating human
cc‘lipabilities. ’ Example: Visual quality checks JImage of a ” esoe
yellow BMW* e
Interface Al-based operating concept learning vehicle interface Examples:Expert systems _ ——
that recognizes frequently recurring patterns (e.g., the i e
daily commute to work) or certain preferences of the user ) ngzci .
and can perform actions independently based on this. 2010 u.,m;:;if?.’-&’.dumﬁm
1956 Mulriluyer iPhone Moment
s neural networks
Al & OEM Further Al application areasAl integration in the whole i e

value chain from research and vehicle development,

(supplementary aspect) . \
production and after sales services.

Image source: BMW

CONCLUSION

SDV answers the question: How is software brought into the vehicle? Al goes a step further and answers the question:tkih
software intelligently do?
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Cooperations (Partnerships)

} Cocreated platforms with partners and suppliers are essential to escape mc&nd build a resilient, scalable ecosystem.

A SDV requires a shift away from a rigid supply chain Partnerships of Automotive OEMs: Change in supplier chains

toward a partnership ecosystem in which all actors
are interconnected, including various OEMSs.

A Some of these actors can also maintain direct
relationships with the end customer, not just the
OEM as in the past. This includes software providers
such as Google or mobility providers such as Uber.

A Examples:
A Software ProviderAlphabet, Baidu, Nvidia
A Cloud Services ProvideAmazon, Microsoft
A Engineering/ Production ServiceMagna,
Bertrandt
A Tech PlayerXiaomi, Apple, Samsung
A Tier 1 SupplierBosch, Denso, CATL

A Mobility Provider: Uber, Didi Chuxing, Bolt,
Free2move

A Quality over quantity:An important factor in the
selection of partners lies in the company's own
competencies: OEMs with a high level of vertical
integration and extensive software capabilities need
different and possibly fewer partners than
manufacturers with catching up to do.

Past:

Rigid supply chains

Commodity Supplier

Tier-2 Supplier

Tier-1 Supplier

OEM

- Partner-
Cm'55hips
Future:

Partnership Ecosystems

OEM A

Software
Provider

h9a

Cloud Services
Provider

Mobility
Provider

Tier-1
Supplier

Engineering/
Production Services
Tech

Player

Source: CAM
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Cooperations (Partnerships): Strategic prodgtated SDV partnerships of selected OEMs

SDV partnerships are crucial for OEMs because no single automotive manufacturer can develop SDV components in all docldynsagleably
and competitively on its own. OEMs differ in the type and number of partnerships they pursue.

Crit. Partner-

A One of the most obvious differences between legacy OEMs like Volkswagen or SDV important content partners ships
Toyota and technology driven pioneer manufacturers like Téglangor NIO is the
number' of str.ateglc partners in decisive dqmalns like drlvgtraln/ energy, ADAS/ AD, OEM Content Global ’\# Content China ™
Safety, infotainment/ comfort, and connectivity (see following page). b
— et = ’ VOL[_I:RS;\{JAPGEN Spotify,AirConsoleYoutube Dazn WhatsApp WeChat, Tencent Music

iHeartRadio, Pandora, Yelp, Apple Music, :
TOYOTA iHeartRa |0Ama:ZOOr:aMu;£ pple Music Huawei Harmony
= STEL LI\N TIS AmazonFireTV

A New OEMs Fe_nd to high value creation Wi_thin th_e company. Both Te;sla and NIO Alexa,AirConsole Disney,Youtube Xperj Tiva  Huawei, Alibabd MallGenie, Tencent,
develop decisive parts of SDVs inhouse, including software and chip design. Tesla agRQUP FireTV Mediatheken DeepSeekGaode(Baidu)
an Uscompany is adapting its software to the Chinese market with the help of Spotify, MS Teams, ZooBoosteroid Amap TikTokBilibili iQIY] NetEas QQ
domestic partners lik©eepseelor ByteDance. NIO, on the other hand, is using @ Mercedes-Benz (Gaming) AntStream SonyRidevy Dazn Music, Tencent Video, Yun Ting Music,
Heredata for European mapping, locatia@ata and ADAS. Amazon Musidl.ieferandq Youtube Booking Need For Speed

. . . Spotify, Netflix, Arcad€fiktok Amazon Music

A Content partnerships (see table on the right) are important areas, e.qg. for T=5L"™ Apple Music, Apple Podcasts, Audible, Vohicq Baidu Maps
infotainment content, as the data and services are highly relevant to customers anc LiveOne Tidal, Tuneln, YouTube Music
can hardly be covered by OEMs themselvestdJgate content provides tangible o Disney+, Apple TV, Apple Music, Instagram, . e
added value for customers. « NIO Youtube SoundCloud QI Biibl (China Video)

; oF ; ; Spotify, Tencent VideoiQiyi,

A Electrl_c mobility ha_s accelerated Fhe customer demand of mfotla!nment content, Stingray Karaoke Stingray Karaoke, Singing Machine
especially on long journeys, to bridge charging breaks. It is striking that premium . . - — -
manufacturers like BMW and Mercedes are actively promoting a large number of SEELY Spotify, Go(gﬁgfe ;‘;‘:"/”VoAlF\’/g)OkOSYStem QQ M;:'f‘zg('é’"ANeifSn‘:gS;d Music,
content partners like Spotify, NetflidirConsoleaglobally, as well as TikTok, Tencent PPy
video and others for the Chinese market. <P E NG KaraFupACCESS Twine4Car iQIY((Ankuindigunyy

41
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Cooperations (Partnerships): OEMs in comparison

Automobile manufacturers maintain partnerships with the world's most important technology companies: Google (including sabssllike

Waymo), Nvidia, Qualcomm, Amazon, Microsoft etc.

Cooperations: Selected strategic SDV partnerships by domains ships
DOMAIN VOLKSWASEN | TOYOTA | sreuiinmis Bre A verceaesens | TESLFA | S8 NIO E==nr | REBENE
GROUP GROUP = ”
S O BLeremoTOR|  @.gp Panasonic CALB
Drivetrain/ QuantumScape comrono @ GEELY [0 TL TOYOTA CATL
Energy METAL MINING . @ RIMAC Factorial CA
inhouse* inhouse* Factorial inhouse* inhouse* inhouse* inhouse* inhouse*
N mobileye: wW S W <X A W
v e NVIDIA  wzvuo
ngAS/AD, BOSCH m ONTT o Qualcomm o n\IIIDIA. BaiM'=E | HUAWEI NVIDIA. e <A
a ety Horizon ~ A\ ualconvwa BaichBE NVIDIA.
i momenTa NVIDIA Q Horizon :
@ Robotics A momenTa MY A\ momenTa inhouse* Robotics 4N mobileye inhouse*
Infotainment/ | =t | g i Unity | @ Appliedintuition A.ibaé%,m Google Content only, S 2 W Google
; /<>\ HUAWEI H WISTRAL " «< Eﬁ@g‘ e.g. Spotify NVIDIA Alibaba Group  HUAWEI QUGICONW\
Comfort A4 Goodl AT GARMIN. Qualcomm meizu
oogle . . . .
RIVIAN inhouse* inhouse* inhouse* inhouse*
B® Microsoft m xiaomi aws B® Microsoft _ aws
Connectivity | g @ aws Google < flibaba Group ' P
N7 ¥ascreen Google Puscreen nVIDIA Google Google e e
RIVIAN Il ByteDance inhouse*
China SDV: Vehicle engineering: | Vehicle engineering: | SDV software: SDV hardware: Al in China: Al platform/ maps: SDV/ engineering:
BE \jicrosoft dSPACE ™" @ deepseel VOLKSWAGEN
Others >< @ = \ TATA NVIDIA & > f GROUP
REENG Google aws ﬁfTML TATA TECHNOLOGIES Qualcomwn Il ByteDance NVIDIA. A
Regionspecific part | Similar to VW region | Innovative partners, | Regional partnerships| MB.OS as architect of, Many inhousedeve- | ZF and Nvidia as Many competent Very broadcrossbrand Slzlg%%d r;?t:leyrret?;te
CONCLUSION nershipswith solid specific partnerships, | promising partnership | at ADAS/AD, but also | purposebuilt MB.OS, | lopments hardly any | strategic partners, SD) partners across SBV | partner ecosystem teqicE /Ere)lrchite:ure
expertise especially in| several cloud partners with Amazon on relevant inhouse relevant global part | strategic partnerships | is mainly developed | relevant areas, with globally leading coglllaboration with VW
China for veh development | SmartCockpiends developments ners China specific | except for content. inhouse. regional ecosystems. | SDV players in-house expertise
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Source: CAM | As of: October 2025. * Decisive development work is carriedtouise (additionally).
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Cooperations (Partnerships): Conclusion

Partnerships can meaningfully complement OEMs own SDV hardware and software expertise and are essential, especially ®rpgwithlly

adapted content that offers monetizable added value for customers.

Crit. Partner-

{dzY Yl NBY {dz00Saa ONARGSNALF F2NJ a{5+ LI NOYSNBKALJM:E ships

i i We are the architects of our purpose-built MB.OS

Selection SDV partner selectiorSelection of partners in terms of s S L e
complementary competence to the OEM, quality of
partnerships in terms of regionality and scope.

Mercedes-Benz Intelligent Cloud — MB owns the cloud architecture

Content Scope of content partnershipsSince OEMs usually do nc

. . . . . . . — MB owns the user interface
provide content like infotainment (navigation, streaming,

User Interface

ecosystem - - - e
y garmlngetp.) the selection of_ content partners is of _ Application Layer Flexibility to integrate
partlcula_r importance regardlng_the scope and quality of S best local partners
the offering, as well as regionality.
Middleware
Inhouse competencePartnerships are not an end in
CompEtence p p Software Base Layer

themselves but serve to compensate for OEMs
shortcomings. Where the own skills are sufficient,
partnerships play a subordinate role.

(supplementary aspect)

Hardware

lo] Bllsllellellel el
L JLILJLJLILd L

CONCLUSION

In the SDV era, it is not the OEM with the largest production capacity that wins, but the one with the best ecosystetimg-ohsis
software, hardware, cloud, data and servicg® St A @S NBoRO MBS Kied SGAIY L2y Syda o6& LI NIyS
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SDV Culture

Successful OEMs shift from Staot-Production SoB-driven cycles to a continuous delivery mindset, treating the car as a platform that evolves o
its lifetime.

The transition to an SDV culture presents challenges Challenges in adopting the SBMilture Crit. 6 Culture
for established manufacturers, including:

A Lack of Ishouse Software Expertis&raditional Traditional Vehicle SDV Vehicle
OEMs often need to build significant software talent Development Development

and skills. Starting point New vehicle, partly even new platform,  Existing platform, existing software base,
A Organizational ChangeShifting from rigid gp new specifications evolution
organizational structures to more flexible, software . : . .
origented teams can be difficult Development Milestones leading to statof-production  SoPas one milestone among others,
' focus (SoB development continues during lifecycle
A Cybersecurity Focusncreased connectivity and
remote updates necessitate a strong, proactive Knowledge and Distributed across several teams, often Ic Consolidated in architecture and software
cybersecurity culture to protect critical vehicle Collaboration after handover end-to-end feature ownership, no silos
systems from remote threats. Innovation Team members fear rapid error Team members feel safe to experiment,
A Essentially, the SDV culture is abtransforming cult sanctioning, no ideal environment for fail, and learn for innovation goals.
the entire automotive industry,from engineering b rE creativity Executives drive the new way of working.
and manufacturing to business strategies and the o : - : : :
customer relationghip placing softwa?e ot the core Agility and Deep hierarchy, long decisianaking Flexible culture to adapt to technological
of future mobility. ’ adaptability processes, low agility leaps and changing customer requiremen
A SDV paradigm shiftlost SDV problems OEMs _ Delivery model  One time delivery OnéJOting rgll?:SG cycles and product
YAIKG KFPS I NByQid GSOKYyAO updates (OTA)
structure. Software use Specifications from scratch Systematic reuse of software modules
- Hardwarecentric design, built for Softwarecentric design, built for software
Architecture hardware integration integration
Value creation Peaks aSoP Accelerates afteBoP

44
Source: CAM, SDV Guide 2025 | As of October 2025.
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SDV Culture: Tesla as an example

A Tesla has amnovative problemsolving

organizational culture. This type of corporate
culture motivates employees to develop profitable
solutions to current and emerging problems in the
target market, also by thinking beyond this market
(e.g. automotive vs. electric energy markets).

A For example, the company employs its organization
nal culture in developing advanced electric vehicles
as a solution to environmental issues surrounding
automobiles and internal combustion engines. The

O2YLIl yeQa oAt AGESe

electric vehicles reflects the benefits of its work

culture.

AtKS O2YLI yeQa LINPINBaa
G§SOKy 2t 23A0Lt Ayy201 GA2
culture has remained focused on such innovation
since the founding of the business. However, it is
expected that the company will gradually change its
business culture to accommodate new needs as thé
business expands and diversifies its product

offerings.

A¢cSatl Qa OdzZ G dzNBquitENR 2
adaptation to market trends Employees are
expected to respond rapidly to global indust
changes for highly competitive products
NEBaLR2yaArgdSySaa
resiliencein the automotive market

Tesla encourages employeesthink beyond
conventional ideago support cuttingedge
innovation.

Trainingpushes workers past traditional limits
of creativity and productivity,enabling new
energy and transportation solutions.

Tesla distinguishes betweeaniccessful
failures and unsuccessful failure$he latter
are tolerated, the first endured and are part
of the knowledge management database.

¢Safl Qa OdzcontNgis OS Y (NG5!
innovation, driving ongoing research and
development. This constant innovation
enables the creation of cuttingdge products
and helps the company stay ahead in a high
competitive industry.

Empowered employees are allowgmlthink
outside the box,provide innovative ideas, and

enthusiastically challenge the status quo.

GERNTYAGMA ¢ Sat FQa Odzt GdzNBE Sy 02 d

thinkingt solving problems bidentifying and
addressing root causes.

Employees arérained to apply firstprinciples
reasoning throughdRled programs.

¢tKAa YAYRaSi aGNBy3idk
tackle reatworld technical challenges.

¢SatlrQa Ayy20FiA2y Odz
characteristics oElon Musk like intolerance

for inefficiency and incompetencand

emphasis on intellectual courage, high risk
taking under strict supervision and new ideas.
The company useagyorous hiring and HR ma
nagementpractices,enforcing strictperfor-
mancestandards in a flexible, innovatien

driven work environment. This

¢ Saft I Qarondux tennmdbrk that
minimizes conflictand creates synergy among
employees.

This synergynaximizes the value of employ
yeed ANWVR ERGNBYy3AGKSya I
competitiveness.

Aunified team culturesupports effective
management and smooth strategy
implementation across the organization.

Source: CAM, Meyer 2024, Ganesh 2025, Sayamlitera2025 | As of October 2025.
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Culture: OEMs in comparison

Significant differences in software mindset: Tesla, NIO, XPENG, and to some extent BMW are clearly sdiitstavehile VW, Topta, and Stellantis

are still heavily influenced by traditional industry an8oPthinking.

A Lifecycle rather tharSoPas a differentiating factor:
Software first companies focus continuous
improvement via OTA (Owthe-Air) updates, while
laggards continue to primarily think of software up

SDV culture progress of selected OEMs

A Fragmentedsoftware development standards A Mainly new vehicles based on legacy platforms with

to the start of production. Vo L::SVUAPG EN A R&D of domains are split up among the brands with SoPfocus, but already first SDV platforms in series
CARIAD as integration partner roduction (China)RoWplanned
Cultural change as a key challendezgacy OEMs A . g_ . P _ _ A P ( JRoWp . _
are still adapting their culture to a software first Traditional organl_zatpn of an industrial company, swi Curr(_a_nt focus .orSol? SDhV platforms in planning
. ) . TOYOTA to software organization not present Traditional Kaizen process: with continuous (process)
culture,while new EV OEMSs have built their culture A Woven: Partially implemented for upcoming vehicles improvement
around software from the outset. STELLNGNTIS A Separation of hardware and software development A Still focus orSoP new platforms with delay (e.g. STLA
Agility and usercentricity are crucialHigh SDV Brain)
maturity goes hand in hand with agile development, BMW A Benchmarking the operations of major digital players A CNR Y & b S daatforrfwlthdadioSus on
high release frequency, and systematic user GROUP Tratc;]kigglstgt@f—the—art software industry A quting\?\;Js im.prove_:men'_[th 200K builde/d
feedback methodologies gile engineering wi uilds/day
) . A siill industrial, but fostering a culture that puts softwai A Goal: A tech stack that enables continuous innovation
China as a pacesetter.for SDV cultughinese @ Mercedes-Benz first, blending cuttingedge software with a legacy of without ever demanding the spotlight
OEMsdemonstrateparticularly strongly that a focus quality, safety, and sustainability
on software and UX, as well as @¥ifiven product T=5LS A Built up from the beginning as a software or tech A Life cycle focus built up from the beginning with
maintenance, are becoming the cultural standard. - m O2YLJ y&s ¢ Odzt G4§dzNE LINRA Yy OA Ldbnéndoud OTA GpdateR 2 G KS AYLI2ZAaaA
Q NIO A Similar to Tesla softwasfirst approach A Iterativg Develogmen} & Usgr FeedbacAk with KPJS Iilge
Gdza SNJ 60 SySTAG FaasaavySyidb
.@ A strong software/tech focus in the cockpRi(ink A OTA as part of the product lifecycle, updates are rol
Androidbased; Cloud/Remote Features). out in waves/batches
GEELY A strong focus on "user experience" and digital cockpits A Continuous improvement via Connected Services/C
across brands (e.geek) structured integration of user feedback
A Explicitly usecentered, softwaredriven approach A strong lifecycle focus: frequent major OTA releases
>XP ENGDG AV EASNI SELISNASYOS Ay T2 0dzaA T withifeatirs 4nél gelBdhalization ypgaess (A 2 ¥ &

Source: CAM | As of October 2025.
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SDV: Status quo
Culture: Conclusion

SDVs are changing the way cars are developed: How can innovation be accelerated? Hotola@nt is a company? How focusedtise OEM on
continuous improvement even after th&oP?

{dZYYE NBY {dz00S53aa ONRGSNAF F2NJ a{5+ Odzf (i dzNBé C”t-6cu't“re
- SDV Culture: Key elements
Aspects Description
Software mindset Hardware vs. softwarecentric mindsetL & Q& 4 KS ¢+ SWIN[ple=agkeiol[! @‘ LIEFE CYCL
a hardwarecentric approach, where perfection must be ~ E
achieved bysoPand changes are expensive and FOCUS

undesirable, to an SDV culture, where developments are
faster and innovations more frequent. Possible errors can

be corrected via OTA updates. SDV requires acceptance of FAST DECI S|O

iteration instead of perfection.

Lifecycle focus Focus orcontinousimprovements: Traditionally, most

FAULT CULTU F@
development ends with the start of productio8¢B. In

the reality of softwaredefined product development CROSE& UNCTlONA INNOVATION @<
FoCUS

(SDV), a significant portion of the value creation only COLLABORATION G

occurs aftelSoP Functionality, quality, and revenue grow
throughout the product lifecycle via software.

Source: CAM

CONCLUSION

Ultimately, SDV does not primarily represent a technological change, but a cultural change. Because software developmment
fundamentally from traditional automotive engineering: Release fast, improve continuously, while maintaining automotiye sa
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SDV: Status quo CENTER OFg=y
Organization: Rapid product development by Chinese car manufacturers MANAGEMENT

} Speed in SDV development requires organizational simplification, breaking silos and empowerintpegratd accountable teams.

Crit. 7 Organt

Organizational Factors for successful SDV development (Example: China) zation
1. Platform strategies & modularity 5. Market orientation & customer proximity
A Use offlexible vehicle platformsg.g., dedicated EV platforms like BY:Blatform or Geely SEA. A Very shortmodel cyclegsometimes only 3 years)
A Highstandardization of componentgbatteries, powertrains, control units) enables rapid A Customer feedbacis directly incorporated into updates and facelifts.
derivatives. A Focus orsoftware features and infotainmenthat are key to purchasing

A Overthe-air updatesreduce development effort for hardware changes, as many functions are decisions in China.
added via software.
6. Governmental framework

H® { LISSR 0KNRdzZK RAIAGEE RS@SE2LIVSyd A Relaxed regulatory framework y / KAY Il Th +SKAOf S | 1
A Virtual Development & SimulationtUse of digital twins, VR/AR, andsAipported design. than in Europe.

A Softwarefirst approach:Vehicles are primarily modeled digitally, faster prototype development. A Massive subsidies and funding prograrfs EVs and batteries.

A Big Data utilizationCustomer feedback and driving data are incorporated into further A Political supportfor the development of charging infrastructure.

development in real time.

3. Industrial ecosystem & supplier integration

A Dense clusterge.g., in Shenzhen, Shanghai): battery companies, electronics, software supplier: CONCLUSION

A Vertical integration:. , 5 Y| ydzFlI OGdzNBA oF GGSNRASAZT OKA LI @m0kl ol =i combiniggital development f Sas
A CC'epe”detr,“’e o ?‘!pf“eri- Startuns (NIO. XP  closely with established sun processes, modular platforms, vertical integration, and
tegﬁpgr?]s;nﬁesjom venturesStartups (NIO, XPeng) work closely with established suppliers & e s AR UL et o R e L C RN
' allows them to achievdevelopment cycles of often 286
4. Agile organization & corporate culture months, while Western OEMs traditionally have CyC|eS of
A Flat hierarchiesand fast decisiommaking processes compared to Western OEMs. 48¢60 months.
A Startup mentality: Focus on a minimum viable product (fast to market, then iteration).
A High risk toleranceMore pilot projects, shorter test cycles, faster market launch.
48 =

Source: CAM | As of October 2025.



SDV: Status quo
Organization: Rapid product development: Examples in China and first improvements in Europe

} OYLANROIE REFEGI AK264Y -tovldgNIDNES & irflefshichpaéindvayifiye of Chinksk Brands.

Crit

Product development at BYD, Chery and Geletgnd Zeekr(exemplary) " [ zation

Acr{iAya IRGIYyGF3IS 2F [/ KAYlIQa t 2SN f H@POW EUROPEAN EXAMPLE: RENAULT
R&D employeekAt its headquarters, BYD promotes a wdokused life through companry A New development process called "LeB@0" with
subsidized housing, transportation and schools. Chinese partners. Support from development

A Unlike most automaker®8YD makes most of its own partather than relying on suppliers, center in China with approx. 100 engineers.
another factor that speeds development and lowers costs. A Reduction of development time by 41%0t0 100
A The Seal electric sedan, for instance, cont@bf#% irhouse parts compared with 46% for A RS ] ol Bl Bpmen et (5 50
¢Sath0a a2RSt o FyR op: FT2NJ +20a St 800 Fewer variants: only 2 trim levels and 4 colors

A/ KAYSAaS | dzi2Yl 1 SNESx186wItagsaSvécE B8F ARyt 8@ 8NJ al (1 A y-brandsfesgided OKA ST AYUSNYFGA2Y I §

A BYD has built an immense workforce in part by pagingest salariesind recruiting from secontler colleges.

ActKS @GSKAOEt SaQ 22dz2NySeé T NP wund-tReclock érginekeringi Z2ék@rigieers ia Shianghaigund $1akgzhdy Baswrk at the end of each day to
O2ftSI3dzSa |4 Ada RSaA3IYy OSYi(iISNI Ay D2iKSY 0 dzNB IZed¢ksiSePfesident Buyl Xud projesf Managedfoiiseveral n ¢
models).

A Legacy automakers tend to work in a linear fashion, with departments waiting their turn to work on parts or systems. &lioreakersdeploy teams in paralle’aS S XINXQ &
SAGAYIFIGSR GKFG dzaAay3a a2f R ©WISHOEHaSEime. 62dzf R aR2dz0t S 2NJ 0 NA LXK S¢

A Christian HeringtaS S DRI®RE ¥ LI | G F 2 N I NO Kkwoild3eSting pfodddls @erdeNigid, J& ¥aid+Eved Slighuddftwhire tweaks weatet like physical
component changeg each requiring 25,000 kilometers (15,534 miles) of resting.

A Zeekrusesartificial intelligence to mine a digital library containing0 years of Geely designs ateti engineers which existing parts will work best and cost least

A Chinese automakers release geedough vehicles quickly, wifar fewer prototypesand a faifast philosophy mirroring Silicon Valley tech startups, industry executives and
experts said. They lean more simulations and artificial intelligenceéhan reatworld testing for safety and durability.
A Chinese automakers also save time and money by ssamglardized vehicle platformand components across model lines to a greater degree than many global automakers.

A They treatmodel launches more like the stathan the end of development, adding frequent upgrades basedarsumer feedback
A Engineers at BYD and other Chinese automakers are willing to change designs and conig@némthe modeldevelopment processhan foreign competitors, which
employ strict timelines and vetting milestones.

Twingo (2625)

Image sourceRenault
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SDV: Status quo
Organization: OEMSs in comparison

Platform and software focus as a key difference: Chinese OEMs like N¥pengrely heavily on modular platforms and standardized software

components, while Western OEMs (e.g. VW, Stellantis) have historically been more hardaadeprototype-driven.

A Digital development approaches vs. traditional

SDV organizational progress of selected OEMs

Organt

Crit. zation

processesSDV pioneers use simulation, big data,

and continuous updates as integral parts of OEM

development; traditional OEMs still often work with

longer, sequential development cycles. VOLKSWAGEN
GROUP

A Deep supplier integrationChinese OEMs pursue
vertical integration and close collaboration with
suppliers, while Western OEMs are more
characterized by complex supply chains and
external dependencies.

TOYOTA

A Agility and organizational cultureAn agile STEL L/\NTI s
organization with rapid decisiemaking and a start -
up mentality fosters SDV progress; Western OEMs
often struggle with bureaucracy and complex
processes and classic industrial hierarchy. But OEMs
like BMW and MercedeBenz have recognized

these problems and are beginning to position

themselves more towards software companies.

BMW
GROUP

Mercedes-Benz

T=5LnmA
A Framework conditions as accelerators or brakes:
42 NIO
Government support and lower regulatory hurdles  ‘¢%
act as SDV accelerators in China, while regulation
and certification requirements in Western markets
slow down the transformation.
GEELY
> P = N ©

To PePeTo o Bo Do Io Do Do I

)

CARIAD is a member of the Eclipsaindation, but
other development areas still strongly proprietary

A
A

Separation of hardware and software at the beginning A

China SDV competence center, Al Lab since 2024

Toyota software academy: 100 courses covering topic&
A Rather deep hierarchy legacy structure, slow softwe

such as artificial intelligence, cybersecurity etc.
GAIA program (global Al accelerator): Program for

Toyota's internal Al development, competence building

n.a.

A
A

Software development in "software continuity” mode, A

reuse and scalability of software
Member of the Eclips&oundation

A

Electric software hub Sindelfingen, Shanghai tech cel A

In total more than 10.000 software developers
Member of Eclipsé-oundation

Tesla has fully embraced SDVs, integrating software A

control across diverse vehicle functions

Regional adaptations and developments, e.g. at the Ni8

Innovation Center in Berlin

Very large engineering/R&D capacities; Establishmer A

large software teams (including intelligent driving)

Consolidate/scale digital cockpit development across A

brands; in addition, external tech arms in the group
Strong internal software/OS development (XOS)

A

SDV software organization Company hierarchy structure

Rather classic industrial organization

Deep hierarchy

Traditional industrial structure, layered approval,
slower software cycles

Rather classic industrial organization

decision processes

Deep hierarchy,
Many brands, complex global structure

Crossorganizational project teams for SW
development
Still structured, but more agile than Toyota/VW

Teams apply DevOps principles, collaborate across
departments, modern programming languages.
More centralized compared to Toyota, less hierarch

Extremely fast decisiemaking, minimal hierarchy

Agile & LowHierarchy Structure: less hierarchical tei
environment where ideas are shared openly

Centrally managed, highly vertically integrated
technology group (R&D bundled in many institutes).

Organization under restructuring: merging teams
(GeelyLynk&CoZEEKR) into one unit

Flat, techcompanylike organization
50
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SDV: Status quo
Organization: Conclusion

R . o ) . : Organt
{dzYYl NBY {dz00Sa ONRGSNRE F2NJ a{5+ 2NAFYAIFGAZ2YE Crit f Zation
— SDV organlzatlon Chery (exemplary)
Aspects Description ; | | chineseomms | WestemoEws -
Structure Industry company vs. software company organization: * =y Pmlzgzlr:‘ri::megi“& P el

Flexible platforms,
standardization of
components

manufacturing & R&D
outsourced

Product and platform teams instead of component
departments, no silo thinking, and exd-end
responsibility from concept to operation. Opeource
software for nondifferentiating functions and hmouse
developments for differentiating functions.

Digital development
Simulation, big data,
over-the-air updates

Traditionally hardware-
and prototype-centric

Industry ecosystem &
supplier integration
Vertical integration,
close collaboration
with suppliers

Strong dependence on
suppliers

"3

Hierachy High vs. flat hierarchyElat hierarchies, clear product ew
nership decisions where the knowledge resides, manage
ment sets goals and priorities, not detailed decisions.

Agile organization &
_~¢f_ corporate culture

v Fast decision-making,

Complex processes,
high level of

) bureaucracy
Agility Vehicle development speedAgile vehicle development, ::,te,u:mr::t:::m
(supplementary aspect) shor_ter sof_twarecylcesnstead of productyles SoFs o | Putoinhsiysoenss | Regulation, bigher
starting point for further revenues Iup | coregiona tochnology | corfication hurdles
Source: CAM

CONCLUSION

SDV development requires an organization that operates like a tech compantylike a classic industrial group, with flat fraechies
and clear ownership, croganctional teams, and management acting as enablers, not gatekeepers.
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SDV fact sheets
Volkswagen Group

Factsheet: Volkswagen SDV Activities*

CENTER OF g™,

VOLKSWAGEN GROUP

Software platform
Market launch

First models

Status quo
OTAUpdates/FoD

E/Earchitecture

Autonomous driving

Strategic SDV
partnerships

SDV culture &
organization

Al product integration

Source: CAM

CARIAD/ VW Software Stack
East: fall 2025, West: fall 2027

East: AUDI E5 SB (SAiG)d (Xpeng
West: VW ID.Everyl (Lupo?) (Rivian)

W Infotainment

W Convenience functions/ Body
W ADAS/ AD/ Safety

W Dirivetrain

A Domain W Transition A Zonal

No. of CPUS3 (CEA), 5 (PPE E3 1.2), 7: Rivian
Plans:

A China: 2025 CEA platform wi¥pengfor zonal
architecture, from 2027 also for ICE
Europe: 2027 with Rivian

Current:L2
Plans:2026: L2+ (China)

West: Intel/ Mobileye, Rivian
East:SAIC (AudiXpeng(VW)
a 5 NJ& BoSdN,H¥rizon Robotics

30% shorter development time
China SDV competence center
Al Lab since 2024

ToDe o ToIoIo oo Do

W Personal Al voice assistant
W Albased, learning operating concept

\\%}
e

szl
\=

A 0

¥

=T

I\

ALY i\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\ AN

New China Electrica

W CENTRAL
ZONALE’ COMPUTER
é_J\é | ZONALS CJ

Images source: Volkswagen

VOLKSWAGEN
GROUP

Joint Venture'! supports early convergence of vehicle software
stack on state-of-the-art E/E architecture

Architectures  Today 2030

MEB/MEB+ B

CMP CEA3

PPE
Adapted

SSP E/E architecture Next-gen. SDV

Fitting seamlessly into
global software strategy

JV to provide state-of-
the-art E/E architectures

Earlier convergence &
higher cost efficiency

1 Subject to the negotiation of definitive agreement | 2. Software stack by CARIAD | 3. CEA = China Electrical Architecture to be developed under Volkswagen Group’s ‘In China for China' strategy

30%

Schnellere Einfiihrung modernster
Funktionen,

2.8,
automatisiertes
Fahren

* Status quo as of October 2025
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SDV fact sheets
Toyota Group

Factsheet: Toyota SDV Activities*

Software platform Arene (by Woven) Arene: Driving Toyota’s Software-Defined Future
Market launch 2026
First models Toyota RAV 4, Lexus ES R
Function-by-function Domain-based integration Centralized,
Status quo W Infotainment development software-first architecture
OTAUpdates/ FoD»r W Convenience functions/ Body
W ADAS/ AD/ Safeﬁylnctions i AD/ADAS Cockpit  Body Dynamics
A Drivetrain R ™ | [aee PP e | 3 3 =3
‘ A i Are Arene
E/Earchitecture W Domain A Transition A Zonal :
L HW HW HW s Hy -
No. of CPU#A (Arene, RAV4) y S - L
Plans:2026 zonal architecture and central m &S fiwe . Cross-domain
\ MW = Platformization Unification

computer in the next generation of BEV vehicles

Autonomous driving A Current:L2 (Highwayz.B.Lexus LS) .
A PlanS:L4 in 2027 « Faster, seamless upgrades from a single update + Greater personalization and customization
+ More seamless, consistent and stable experiences + Quicker access to the latest technologies
Strategic SDV A Waymo: Autonomous Driving L4
partnerships A Uber: Toyotalnvestment
A BYDV since 2020
A Huawei:HarmonyOS 5.0 in bZ7
A Xiaomi:Seamless smartphone integration in
bz7
SDV Culture & A Toyota software academy
organization A GAIA program (global Al accelerator)
Al product integration A Personal Al voice assistant (planned for Arene
platform)
A Akbased, learning operating concept

Source: CAM Images source: Toyota
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SDV fact sheets

Stellantis
Factsheet: Stellantis SDV Activities* STELEANTIS
| |
Software platform STLA ABC platform ] L = Yoy 3 .
P P Stellantis HW, SW and Al Platform ,:)uluﬂyiv
Market launch t.b.d. =
0. /o l
First models t.b.d. =) A 4
ll, @”l e 2
Status quo W Infotainment C e
OTAUpdates/ FoDr A Body/ Comfort functions ——— .
A ADAS/ AD/ Safety
A Drivetrain
E/Earchitecture W Domain A Transition A Zonal
No. of CPUS3
Plans:2025/26 introduction of STLA Brain
planned, including zonal architecture and central
computer
Autonomous driving A Current:L2+ Highway
A Plans:2025 L3 cancelled
Strategic SDV A Mistral Al:vehicle engineering and
partnerships manufacturing, fleet data analysis, internal car
sales
A Amazon:AWS for cloud applications, Alexa
integration
SDV Culture & A Separation of hardware and software
organization development

A Multinational corporation (especially USA,
Europe) with very diverse platforms, few
synergies

Al product integration W Personal Al voice assistant
A Albased, learning operating concept

Source: CAM Images source: Stellantis

S5
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SDV fact sheets

Tesla

Factsheet: Tesla SDV Activities*

Software platform
Market launch
First models

Status quo
OTAUpdates/ FoD¥

E/Earchitecture

Autonomous driving

Strategic SDV
partnerships

SDV Culture &
organization

Al product integration

Source: CAM

R EasyEntry

Tesla proprietary
2012

Model S, 2017: Model 3 with zonal architecture

1 :

.

SR, A

Premium Connectivity Subscription
$9.99/mo excl. tax
ACH: 7841

W Infotainment

W Body/ Comfort functions
W ADAS/ AD/ Safety

W Drivetrain

Domain A Transition W Zonal

No. of CPUS2 (Tesla Model 3/Y)

Plans:all current models SDV, since 2017 with
zonal architecture

o I> I

Current:L2+ Urban
PlansH nHc [ n
activities

o To

6ad0ST2NB H~A

A Mainly inhouse developments
A For content regional partnerships

A Six main features of organizatienal culture:
1. Move Fast, 2. Do the Impossible, 3.
[ 2yaidlyiate Lyy2@F4GSx
t NAYOALX Saé¢x pd ¢KAY]
Ay €

W Personal Al voice assistant

W Albased, learning operating concept
(Partially, applies to preconditioning of air
conditioning/ heating, since 2015)

Images source: Tesla/Al

* Status quo as of October 2025
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SDV fact sheets
NIO

Factsheet: NIO SDV Activities*

Software platform Sky OS
Market launch 2020
Sky OS- X4 Al-Powered Full-Domain Operating System for Smart EVs

First models Nio EC6. Since 2024 ET9 as SDV milestone
Status quo W |nfota|nment Application ehicle Connectivi Assisted and Intelligent Driving Digital Cockpit Mobile Applications
OTAUpdates/ FoDx W Body/ Comfort functions

W ADAS/ AD/ Safety SkyOS Middleware SOA Framework Software Upgrode Data Closed-Loop Functionol Sofety Information Security Network (TOX, TSN ....) il HoRes ) et

W Drivetrain &
E/Earchitecture A Domain A Transition W Zonal $kyOS Kernets o

No. of CPU# (Nio ET9)

A Plans:ET9 with latest stage of the Nio E/E
architecture with central computer platform,
zonal controllers orive

SkyOS Virtualization

Autonomous driving A Current:L2+ Urban e
A Plans:Regulatory approval to test Level 3 and
Level 4 technologies in China, L3 not yet
integrated in series

Strategic SDV A Nvidia: ADAS, Infotainment
partnerships A ZF:Drivetrain
A+ Inhouse developments, e.g. 5 n8henji
chips for the first time in ET9
SDV Culture & A Regional adoptions globally
organization A Iterative integration of usefeedb.
A Agile & LowHierarchy Structure

Al product integration W Personal Al voice assistant
A Albased, learning operating concept

Source: CAM Images source: NIO
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SDV fact sheets

BMW Group

Factsheet: BMW SDV Activities*

CENTER OF g™,

Software platform
Market launch

First models

Status quo
OTAUpdates/ FoD¥

E/Earchitecture**

Autonomous driving

Strategic SDV
partnerships

SDV Culture &
organization

Al product integration

Source: CAM

Neue Klasse Software Stack
2025

BMW iX3 (Neue Klasse), 2026: BMW 3er/i3
Plans40 models during the next 2 years

W Infotainment

W Body/ Comfort functions
W ADAS/ AD/ Safety

W Drivetrain

W Domain A Transition W Zonal

No. of CPUs

A Architecture:4 Superbrainsinfotainment, au
tomateddriving, driving dynamics, bagimc-
tionseach with its own SW platform (e.g. OS X)

A Current:L2+ /L3

A Plans:L3 can be used in darkness, L4 already in
BMW factory premises, Level 4 parking
planned from 2026 on

A Regional partnershipfor ADAS/AD
A Sometechnology partnershipsvith innovative
players, but alsin-housedevelopments

A Software continuity principle
A Following stateof-the-art SW industry method
A Member of OSS Eclipse Foundation

W Personal Al voice assistant (in preparation)
W Albased, learning operating concept

SOFTWARE-STACK MIT “SUPERBRAINS"-FUNDAMENT

KAROSSERIE & KOMFORT

BMW Core Platform

INFOTAINMENT

BMW Operating System X

AUTOMATISIERTES FAHREN

BMW ADAS Platform

FAHREN

BMW Driving Platform

“Shared Service Layer" fiir over-the-air Updates, Cyber Sicherheit, KI Plattformen, Datenmanagement, etc.

BMW Core Brain

S
Images source: BMW

-

Brain of Panoramic iDrive

Brain of Automated Driving

Heart of Joy

Processes:

* Status quo as of October 2025. ** Combined dorzased and zonal approach.
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SDV fact sheets
MercedesBenz Group

Factsheet: Mercede®enz SDV Activities*

Software platform
Market launch

First models

Status quo
OTAUpdates/ FoD»¥

E/Earchitecture

Autonomous driving

Strategic SDV
partnerships

SDV Culture &
organization

Al product integration

Source: CAM

MB.OS
2025

MercedesBenz CLA, 2026: GLC
Plans: 15 #nodels up to 2027

W Infotainment

W Body/ Comfort functions
W ADAS/ AD/ Safety

W Drivetrain

A Domain A Transition W Zonal

No. of CPUS2

A Architecture:2 HPC: Infotainment, ADAS/AD.
Additionally 2 control units: driving/charging,
body. 1 connectivity module.

A Current:L3 (temporarily suspended 2026), L4
parking together with Bosch

Plans:L2++ (*dootto-door") is planned for
market launch of the CLA in China and the U:
Europe will follow by appropriate legislation

b

Geely, FactorialDrivetrain
Nvidia, Momenta:ADAS/AD
Many regional content partnerships

Fostering a culture that puts software first
MB still industrial company, change started
Member of OSS Eclipse Foundation

To Do Do I I Do

W Personal Al voice assistant
W Albased, learning operating concept

AD & MBUX
High-performance computing
with state of the art SoC
by Nvidia & Qualcomm

AD
Computer

MBUX
Computer

Vehicle
Controller

I_Vehide &Drive Comoﬂelj
as service providers

I_ for functional zones J

Drive
Controller

| N
\‘—‘ ;”_‘\ —_—’—i—;’//

I Service-Oriented Architecture —I |_

enabling Al Agents to access

| vehicle function via stable APIs I I_ functional zone shutoffs |

Energy-efficient
by software-based

Images source: Mercedd¥enz

| |_ Chip-to-cloud Architecture

Continuous full vehicle OTA update across

fleet, vehicle car package within days

* Status quo as of October 2025
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SDV fact sheets
BYD Group

Factsheet: BYD SDV Activities*

Software platform e-Platform 3.0

<ANVIDIA.

Market launch 2021
First models BYD Dolphin, Atto 3 (Yuan Plus), Seal (examples)

Plans: More models of Ocean series
Status quo W Infotainment
OTAUpdates/ FoD»r W Body/ Comfort functions

W ADAS/ AD/ Safety

W Drivetrain
E/Earchitecture A Domain A Transition W Zonal

No. of CPU#A

A Architecture:Domain architecture with
Powertrain Domain Controller (Drive Train DC),
Cockpit Domain Controller, and Body Domain
Controller (in series production since 2021).

DRIVE THOR

Autonomous driving A Current:L2+ with broad availability in the ' ‘ ASlLDIRY COMEUTER & STAGK
model portfolio
A Plans:L3 testing permit in China
Strategic SDV A Nvidia:important SDV partner
partnerships A Additionally, regional ecosystem partnerships
(China smartphone integration)
A global content partnerships.
SDV Culture & A Very large engineering/R&D capacities;
organization building large software teams, including AD

Al product integration W Personal Al voice assistant
W Albased, learning operating concept (passive
system with suggestions)

Source: CAM Images source: BYD
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SDV fact sheets CENTER OFgm=y
AUTOMOTIVE "
Geely Group MANAGEMENT uds®
Factsheet: Geely SDV Activities* GEELY
Software platform SEA / SEA2 + GEA (with GEEA 3:-arElfifecture)
COMPUTER ON WHEELS -
Market launch 2021 - | B
First models Zeekr001, Smart #1, Volvo EX30, Polestar 4 A g =l - = -
Plans: further models on SEA/GEA platform-ib A : -
segment, e.g. 2026 Volvo EX60
Status quo W Infotainment o0
OTAUpdates/ FoD¥ W Body/ Comfort functions : . . -
W ADAS/ AD/ Safety MeChatronlc le Vehicle Computation Unit
W Drivetrain
E/Earchitecture A Domain A Transition W Zonal VCU
No. of CPUS2
A Architecture:Number of CPUs: 2 Core Poeracronic fiode

Autonomous driving

Strategic SDV
partnerships

SDV Culture &
organization

Al product integration

Source: CAM

Computers + 2 Zonal Controllers (Volvo SPA3);
ZeekrADAS partly 20rin SoCs

A Current:L2+ with broad availability in the
model and brand portfolio (Volv&Zeekretc.)
A Plans:L3 onZeekroX

A A very broad, crosbrand partner ecosystem
with globally leading SDV players (Google,
NVIDIA, Mobileye, AWS, Waymo)

A Chinaspecific cockpit/ecosystem partnerships
(Meizu/ECARX, Baidu Apollo).

A Continuous improvement via OTA cg;fgﬁ?ﬁgfg:::g:;g;?ﬁm
A Structured integration of user feedback R =

W Personal Al voice assistant CLRG LIS
W Albased, learning operating concept =pmes LNGED &)

Images source: Geely/ Volvo

* Status quo as of October 2025
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SDV fact sheets
Xpeng(Xiaopeng)

FactsheetXpengSDV Activities*

Software platform
Market launch

First models

Status quo
OTAUpdates/ FoD¥

E/Earchitecture

Autonomous driving

Strategic SDV
partnerships

SDV Culture &
organization

Al product integration

X-EEA 3.0 XmartOS / SEPA 2.0, CEAit(VW)
2022

XpengG9 (XEEA 3.0), G6 (SEPA 2.0).
Plans: X9 (MPV) and further models

W Infotainment

W Body/ Comfort functions
W ADAS/ AD/ Safety

W Drivetrain

A Domain A Transition W Zonal

No. of CPU2

A Architecture:X-EEA 3.0: centralizeslipercom
puting platform and local control modules;
layered software, Gigabit Ethernet

A Current:L2+ with broad availability
A Plans:Xpengsecures L3 road test license in
Guangzhou

A Selected, highly reputable SDV partners
(Nvidia, Qualcomm, Alibaba Cloud) plus

strategic E/Earchitecture cooperation with VW

A Extensive irhouse software/OS development
(XOS) with global OTA rollouts
A flat hierarchy, teckcompany organization

W Personal Al voice assistant

ONE CHINA ELECTRONIC ARCHITECTURE (CEA) FORALL

A
]
SCALABILITY

& UPDATABILITY

Jointly Developed by...

P VOLKSWAGEN GROUP
CHINA TECHNOLOGY CO.

[ zonats )

W

CARIAD

and thus for the Volkswagen brand e-portfolio in Chinafrom 2026

o3
REDUCED
COMPLEXITY

—
XPENG P7+ | TECHNOLOGY +

THE WORLD'S FIRST
AI-DEFINED VEHICLE

hBP7+ /
SHERATE———

L\'é%“z}’

FUTURE READY
UPGRADABILITY

oy

”ﬂﬂn

OPTIMIZED COST
STRUCTURE

LIS NJ
|.

WA aSRZX € SFNYyAy3 -2
/| 2Y02¢Y NBaGNROGSR:

(@]

Source: CAM

Images sourceXpeng
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SDV fact sheets

Overview: Status quo of 10 selected OEMSs regarding 7 criteria

CRITERI] Unified software

OEM

platform

A regional platforms planned
A >5 software platforms
Am {5%

VOLKSWAGEN
GROUP

A Arene software platform in 2026 A some domains addressable, esp.

expected
Axu {5z

TOYOTA

Y2RSt a

A SDV planned
A many platforms
A high complexity

AY2 RSNy
stack

A only few software platforms

A 1 SDV model, ~40 planned

BMw
GROUP

A own MB.OS platform
A only few software platforms
A 1 SDV model, ~15 planned

OTA updates

A all domains addressable
A medium update frequency

Y2RSt I xo ALGTA ypgafRsince a few years

possible, medium fleet

infotainment content

LIt A megiutnRipdate frequency

A infotainment domain with OTA
updates
A low update frequency

a b Ssiffwary f | AAQTA dpdates up to operating

system possible
A large OTAleet on streets already
with 10+ mill. cars

A high update frequency with
MB.OS: weekly updates possible
the future

A large OTAleet ca. 11 Mio.

Central computer

Al integration
strategy (in vehicle)

A from 3 (CEA) to 7 (Rivian) number A ChatGPT since 2024 (VW
of CPUs (platform) Golf, ID.3 etc.)
A starting 2026 A predictive maintenance
A Audi proactive assistant

A Arene platform with 4 CPUs

A launches in 2026 with initially only
2 models

A currently no zonal CPUs

A predictive maintenance in
development

A Chat GPT for Arene planned

A own GenAl as prototype

A 3 zonal CPUs for STLA Brain

platform planned models

& b S dzSA BMiVHnketigrit Personal
Assistant for user routines

A n superbraing |
platform

A starting 2025 with iX3, until 2027: A LLM Al assistant improved since

40 eKlasse models abSdzS Ytlraase
A 2 high performance computers, 2 A ChatGPT integration

control units A addressing >&nio. customers
A starting 2025 with CLA, growing =~ A MBUX prediction features

Strategic SDV
partnerships

A regionspecific partner
ships in China with Xpeng,

A use of Rivian expertise still
guestionable

A regionspecific partnerships, in
China with Xiaomi, Huawei

A Waymo important partner for
ADAS/AD

A ChatGPT since 2024 in all Peugeo relatively few partnerships

A Mistral Al for infotainment

A ADAS/AD with regionglartne-
rships innovative technology
partners (e.g. Momenta)

6 A irehbuse developments

A globally relevant partners

A regional content partners

A also inhouse developments, e.g.,
operating concept

A single vertical SW stack across all A complete operating systems of all A central CPU strategy since Model A Tesla Grok Al assistant since 2025A inhouse competence

models
A own operating system
A low complexity, all cars SDVs

A single vertical SW stack across all A complete operating systems of all A 4 CPUs since NT3.0 (2025)

models
A short software cycles, NT 3.0
platform since 2025

A broad SDV base, rapid scaling
across many models

A broad platform base (SEA/GEA)

A focus on modern Ef&rchitecture

A SDV focus with its own centralizer A complete operating systems of all A centralized supercomputing

E/Earchitecture

out across a few model lines

domains addressable
A high update frequency since
several years, complete fleet

domains addressable
A high update frequency since
several years, complete fleet

A complete operating systems of all A central computing platforms

domains addressable

A very high update frequency esp. il

China
A operating systems of all domains

across many brands and segments addressable
A high update frequency for several

years, many current models

domains addressable

A platforms are consistently rolled A high update frequency for several

years, many current models

in vehicles available
A Vehicle learning for
preconditioning (A/C only)

S in 2012, extensive experience
A all models on SDV platform

A assistant NOMI with Microsoft
A bigger model portfolio than Tesla, ~ Azure Open Al since 2024

all models on SDV platform

A Product related Al integration in
terms of personal assistant and
automated interfaces

(Orin) are being scaled

A advanced E/E approaches A Al used for personal assistants
A high heterogeneity across brands/ A Al automated interface partly in
platforms FultDomain Al 2.0 und-BSD

A Al used for personal assistants
A automated interfaces in the form
of rules, not completely Abased

platform with an Ethernet
backbone and crosgomain FOTA
are in series production

A early integration of many content

partners, e.g. Spotify, gaming etc.

A technology partnerships
with ZF, Nvidia

A many inhouse developments, e.g.

first own SoC in ET9

A Numerous competent partners
across SDYelevant areas

A regional ecosystem partnerships,
global content partners

A broad, crossbrand partner ece
system with globally leading SDV
players

A Chinaspecific cockpit/ecosystem

A Several highly reputable SDV
partners

A Content/experience partnerships

A high inhouse expertise

A beginning to establish software
company standards

A SDV platforms planned

A traditional Kaizen process with
continuous (process)
improvements

A separation of hardand software
development is the claim
A focus onSoP

A software continuity principle
A Following stateof-the-art
methods in the software industry

A blending cuttingedge software

A build up as software company

GKS

A software first approach

A user experience company with
KPlIs like "User Benefit
Assessment”

SDV culture

SDV organizatio

A classic organization of industrial
company

A SDV competence center in China,
Al Lab since 2024

A Toyota software academy with
courses for SDV etc.

A GAIA program for Al

A industrial company organization

A US and European departments
with few synergies

A many brands, complex global
structure

A software continuity principle

A Crossorganizational SDV teams

A OSS: member of Eclipse
Foundation

A OSS: member of Eclipse

with a legacy of quality, safety, Foundation
and sustainability A in total more than 10.000 SW
developers

A organization similar to software
t A1 Scompahg ¥S Fl adasz
AYL2&aA0ft Sa Adniegrating software control
across diverse vehicle functions

LINR y OA LX S& aR2

A low-hierarchy structure

A regional adaptations and
developments, e.g. at the Nio
Innovation Center in Berlin

A connected Services as a software A large, dedicated R&D/software
platform

A lifecycle view: quality
improvements by OTA updates

A ZEEKR with useentric
tech/software culture

A supports it through user
participation programs.

capacities and rapid iteration
A softwarecentric development
organization

A high investments in software
organization

A Volvo with own software testing
center

A emphasizes continuous improve A transparent release cadence (OTA)
mentsbased on user feedback

Source: CAM | As of: October 2025.

63



CENTER OF g™,
AUTOMOTIVE {9

3.

Revenue potential of OEMs through SDV
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Revenue potential of OEMs through SDV

Market potential

Four use case packages cover a large part of future revenues that OEMs can realize with at least connected, but prefénadnftware-defined

vehicles.

A To estimate potential revenues that SDVs may
generate, four use cases were developed, covering

a broad range of applications from the customer's
perspective like autonomous driving, infotainment
or electricity use cases.

The revenue estimates are based maiohytwo
factors:

A The globafleet sizefor each use case, meaning

the vehicles already on the street must meet the

necessary technical requirements. Fatono-
mousdriving, this includes sensor sets and AD
software; for ecommerce and infotainmensuf
ficientand fast connectivity; and for thelectri-
city use case, at least a PHEV battery storage
system, and potentially vehict®-grid capability.

The second factor is theverage revenue per
vehicle (ARPV)t is defined as the price for the

service, based on prices in major global markets

like USA, Europe, China, multiplied by the
percentage of customers who book this service
6aildlF1S NIXridS¢e¢vo

In total, this results in a revenue volume projected

for the years 2030 and 2035 based on current
revenue figures (2025).

Global market potential for SDV: 4 use cases

Use Case 1:
ADAS/ Autonomous Driving
(min. L2+, Highway & City)

/é\

A Highway Pilot: L2+ and L3, i.e. combination of ACC, lane assist,
automatic lane change, intersection assist

A revenues based on leasing rates for optional equipment, current
subscription fees

A City Pilot (L4): from 2030 on expected, ddordoor AD in urban areas

A Revenues based on number of urban trips, price per booking perio
S®3d € ¢ LISNI RI &

Use Case 2:

A MobiltyeO2 YYSNDODSY So3odx St SOGNARO
automated payment of parking and toll fees

In-Car Entertainment

In-Car ECommerce wssmsss | A Non-mobility ecommerce: e.g. restaurants booking, leisure, shoppi
— A Revenues based on OEM commissions
A Audio and video streaming,-tar entertainment like gaming, social
Use Case 3: d oo media connectivity

A Revenues based on OEM offerings (e.g.WER/connecplus, Tesla
Premium Connectivity) or OEM commissions

Use Case 4:
Vehicleto-Grid /
Home Energy

oz

A OEM as virtual fleet operator with fleet battery capacity, usable for
electricity grid operators (e.g. Renault with Mobility House)

A OEM as electricity provider (e.g. Elli by VW group)

A Revenues based OEM commissions

{ 2dz2NDSYY /tad b2GSY F

L aSR 2y OdNNBy

LINK OS &

off purchases such as optional extras when ordering a new car. **Only electricity revenue in the mobility sector, iiag ttteaedectric car while traveling/on the go.
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Revenue potential of OEMs through SDV CENTER OFg=y
Market potential MANAGEMENT®

C2NJ KS F2dzNJ I aadzySR dzé$

LISN) OSKAOfS 6@ Hnonz

A Thefour major SDV use casean generate a strong  Global market potential for SDV use cases: Average Revenue per Vehicle (ARPV) range*
overall growth in softwardased revenues over

GAYS +a {5+ OlFLIoS6AtAGAS
FR2LIGA2Y 0ahF1S N} GSED _ 2025 2030 2035

A ADAS and autonomous drivingearly represent Use Case 1: / \
the largest revenue driver, with ARPV growing from ADAS/Autonomous Driving é 60-y n € 80-MH N € 220-HyYy n €
€ ccB0 in 20250 € H 280 by 2035reflecting (from L2+ onHWY+City
rising demand for advanced safety and automation
features.In-car ecommerceandin-car entertair Use Case 2 -
ment show steady but smaller growth, supported In-Car ECommerce = S-HN € 20-on ¢ 40-c n ¢
by expanding digital ecosystems and user engage -
mentinside the vehicle. ™

A Vehicleto-grid and home energy servicesart Use Case 3. < 10-Mmp € 15-Hp ¢ 20-n N €
with limited revenue potential but become more In-Car Entertainment »
relevant toward 2030 and 2035. In total, average
SDWVrelated ARPV is expected to increase from Use Case 4:
FNRdzy R emnn LISNG aB/K AGE S Vehicleto-Grid/ % 0-p «€ 10-H N € 20-n €
underlining the growing importance of software Home Energy
and services as lortlgrm revenue streams for
OEMs. TOTAL AVERAGE MPpn

A The range for Average Revenue per Vehicle (ARPV|(3&1016[=)] $ (125¢m b p ) €
depends on brand and market: Lower range =
volume brand, Chinese market. Higher range = Source: CAM. * All values are rounded.

premium brand, European/ German market.
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Revenue potential of OEMs through SDV
Market potential

z

¢CKS G2dFf YIN]SUO NB@SydzS F2N) [ dzi2Y2GAQ0S h9aa adl pling of this JigIN®iIE P
SELISOGSR 06& Hnop G2 Iy FY2dzyd 2F | LILINBRED® e€emMmp ol tfe

A Assuming an average revenue per use case and  Glopal market potential for SDV use cases: Market size*
vehicle, as well as a specific number of vehicles

suitable for each use case, a total market revenue
can be estimated. It highlights how softwabased - 2025 2030 2035
vehicle functions are expected to become a major

revenue pillar for the automotive industry over the
next decade. Use Case 1: / \ . t
Autonomous Driving

A The values represent:

_ (min. L2+, Highway & City) wS @Sy dzS 1.4 bn 10.0 bn 21.0 bn
A ARP\£ Average revenue per vehicle of the
global fleet S|zel of capable c.ars. L wt+ e 16 o5 50
A Revenue= possible market size for each use case Use Case 2: |
i In-Car ECommerce — A N
for automotive OEMs = Wws@gSyds 2.5 bn 15.0 bn 48.0 bn
A Total revenue= possible market size for global
OEM automotive market. | . I wt+ 6eb 10 20 30
A In the future, the highest revenues are expected for IUS(e: CaEse 3
. i : in- n-Car Entertainment A R
In-Car ecommerce services, followed lnyfotain » WS B8y dzs 25 bn 12.0 bn 8.8 bn
ment. Here, OEMSs primarily generate revenue
through commissions, for example, via integrated o
advertising, while autonomous driving services Use Case 4: P'wt £ 0€0 5 15 30
enable additional direct sales. S€ L.ase 4. %
V2G/ Home Energy A .
A Overall, total SD¥elated revenues across all use WS @Sy dzS 0.4 bn 3.7bn 16.4 bn

cases are expected to increase from aroend 0 Yy
in2025toY e n n O Yyand appreximatetg m m p
bn by 2035 underlining the longerm monetization
potential of SDV ecosystems.

Revenue ~ 7 bn ~ 40 bn ~ 115 bn

Source: CAM. * All values are rounded.
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SDV archetypes & way forward
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SDV archetypes & way forward
SDV assessment matrix & S@vhetypes

Currently, thereis a high OEM risk for beiniya 0 dzO{ A Yy ¢ heikgSauyht HRtiRdeBtéchnical manageability and the development progress

software defined vehicles.

A The chart illustrates the SDV assessment matrix and resulting SDV archetypes: SDV SDV Assessment matrix

development progresss the combined outcome of seven interrelated criteria, covering
technology, organization, and ecosystem dimensions on the one handealr!dical 3
manageabilityr & G aAYLX AOAGEeé¢ 2y (GKS 2GKSNJ KI yYR®

A On the horizontal axi§SDV development progressflects how far an OEM has advanced
from early SDV concepts toward broad, sefigde deployment of SDV platforms. In leading
cases, this is characterized by higbquency, multidomain OTA updates, a clear central or
zonal compute strategy with only a few higkrformance computers, and comprehensive Al
integration, particularly in vehicle operation and personal assistants. SDV leaders also
combine strong irhouse software competence with best-class technology and content
partners, enabling fast innovation without excessive dependency. Crucially,¢tapae
bilitiesare embedded in a softwarfirst culture and agile organization, resulting in
significantly shorter development cycles.

A The vertical axis represertischnical manageabilitywhich serves as a proxy for architect
tural simplicity. High technical manageability means that an OEM operates with a limited
number of vehicle platforms and ideally one unified software platform across the portfolio.
Such simplicity reduces integration effort, accelerates OTA rollouts, and allows SDV features
to scale efficiently across multiple models. OEMs positioned in the ujigigrquadrant
typically have years of SDV experience, have already rolled out their SDV platforms across
large parts of their model range, and have naryr allt future vehicles developed as SDVs
from the start.

SDV fully
operationalized

Software-native
orgaand culture
Nextgeneration Al-DV
SDV foundations strategic focus

Enterprisewide
scaling challenge
SDV ambitions but

legacy complexity Al capabilities
emerging
SDV capabilities

incomplete

Al integration
as isolated features

Source: CAM.

A Conversely, low technical manageability is associated with high architectural complexity, often reflected in more thaickeplagforms and multiple parallel software stacks. OEMs in this
situation face significant challenges in coordinating updates, integrating Al consistently, and scaling SDV featureamis@ssllregions. As the chart shows, this complexity acts as a structural
constraint on SDV development progress. Accordingly, technical manageability emerges as a key explanatory factor: QEblenwvtiose unified architectures systematically achieve higher
SDV maturity, while those managing fragmented platform landscapes tend to remain irugatchiransitional positions despitégsificant individual investments.

Source: CAM | As of: October 2025.
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