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ABSTRACT

This White Paper explores the evolving
landscape of automotive electronic architec-
tures, currently in transition towards software-
defined vehicles, and focuses on the potential
of open source hardware, particularly RISC-V.
It analyzes the challenges and opportunities
presented by this shift, emphasizing the need
for innovation in electronic control units and
the role of academic and industry collabora-
tion. The paper, also, examines the strate-
gic importance of RISC-V and open source
hardware in fostering European sovereignty
in semiconductor technology and the broader
implications for the automotive industry.

1. AUTOMOTIVE CONTEXT

1.1. SIA EXPERT COMMU-
NITY

Expert committees and working groups are
one of the cornerstones of operations that the
Sociéeté des Ingénieurs de I'’Automobile (SIA)
covers, sharing knowledge and needs of the
automotive industry on non-competitive top-
ics.

Since the beginning of 2024, the SIA expert
community and its working group on elec-
trical and electronic architecture have com-
plemented their work by addressing new is-
sues given by the revolution of introduc-
ing Software-Defined Vehicles. This working
group strengthens itself with the contribution
of new academic experts from CEA, INRIA,
and CNRS to enrich exchanges and address
perspectives and proposals from the field of
applied research, as well as to strengthen the
close link with the world of higher education.
The ambition is the proposition of agile and
time-limited working groups to address tar-
geted technical topics and to document this
work.

https://www.sia.fr

1.2. TOWARD THE
SOFTWARE-DEFINED
VEHICLE

Among the issues related to software-defined
vehicles driven by the shift from mechanical
engineering to software and the digitalization
of the vehicle, we decide paradoxically to cre-
ate a working group analyzing needs and fu-
ture impacts on electronic control units. The
expected results are to identify where cur-
rent hardware research and academic activi-
ties can bring value on hardware component
of electronic control unit.

The McKinsey report "Automotive software
and electronics 2030" [8] exhibits the fact that
electrical and electronic in vehicle architec-
ture faces a major evolution to move from dis-
tributed to centalized architecture. Centraliza-
tion comes along with a separation of hard-
ware and software, supported by a layered ar-
chitecture with clear hardware abstraction that
allows domain virtualization. The connection
to local safety and real time controller is per-
formed through high speed and deterministic
Ethernet backbone.

The central computer evolves into a High Per-
formance Computer (HPC), requiring increas-
ingly higher computing performance while
also managing its electrical consumption. For
example, the ADAS virtualized domain on the
central computer, which performs data fusion
for environment reconstruction using local dis-
tributed perception sensors, requires special-
ized acceleration, particularly for Al accelera-
tors.

The HPC architecture moves towards the
hardware architecture of scientific HPC, in-
cluding many-core processors, accelerators,
and cluster organization. Additionally, the lo-
cal real-time safety controller, also, includes
hardware accelerators for communication, se-
curity, efficient 1/0, and perception control,
thereby improving computing efficiency and
energy consumption.

The Huawei survey document “Intelligent Au-
tomotive Solution 2030” [3] emphasizes the
evolution towards a central computing and
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communications architecture for software-
defined vehicles. This involves shifting the
profit model from hardware to software and
relying on standard ICT technology and stan-
dardized computers.

The E/E architecture consists of a central
computing platform, zonal control, and high-
bandwidth in-vehicle networks, as illustrated
in Figure 1 . The central HPC performs sev-
eral thousand trillion operations per second
(TOPS), ensuring trustworthiness and func-
tional safety. Central computing plus zonal
control offers stability and functionality scala-
bility. Mastering hardware design and com-
puting performance remains a key expertise
ensuring the expected performance of future
electronic control units.

1.3. TOWARD HARDWARE IN-
NOVATION

The Strategic Research and Innovation
Agenda (SRIA) [4] of Electronic Component
and Systems (a.k.a., ECS, developed by the
following associations AENAS, EPoSS, and
Inside) related to the semiconductor indus-
try, addresses cross-sectoral foundations on
component modules and systems integration
technology layers to increase performance

"https://wuw.eetimes.eu/

and reduce power consumption.

The SRIA describes challenges to be solved
in micro and nanotechnology relevant to com-
puting ressource for Software Defined Ve-
hicule as follows:

« Challenge 1: "Advanced computing,
memory, and in-memory computing con-
cepts" identifies technology issues (e.g.,
CMQOS, FDSOI, FIinFET, for transistors,
etc) but also architecture topics for mem-
ory access and heterogeneous architec-
ture to deliver better performance and re-
duce power consumption.

» Challenge 2: "Novel devices and circuits
that enable advanced functionality" tack-
les devices for new sensing and actu-
ating concepts. The related innovations
on main components embedded in Edge
computing are processors with energy ef-
ficiency, acceleration (for Al and other
tasks), Data Processing Units (DPUs -
collecting and processing data), memory
and associated controllers (low power),
embedded microcontrollers, and power
management.

The automotive sector is a driver of innova-
tion using solid know-how in embedded sys-
tems and extending it with high perfomance
computer device. For instance, this is visi-
ble through the "European Processor Initia-
tive" (EPI) started in 2020. The ECS SRIA
explicitly references innovation around RISC-
V and Open Source Hardware as key ingredi-
ents to keep Europe in race.

The focus of the working group is to identify
trends and innovations in the field of hard-
ware by analyzing the emergence of open
source hardware, strongly supported by the
academic world and identified as a potential
vector of innovation for the automotive indus-
try.

The members of the SIA working group there-
fore decide to document strengths and weak-
nesses of this emerging field by applying it
to the new ecosystem and assessing the im-
pacts around the RISC-V initiative. In a very

unveiling-the-transformation-of-software-defined-vehicles

https://www.sia.fr
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active field with daily announcements around
RISC-V solutions, it seems important to us to
measure the potential for its involvement in fu-
ture electronic architectures and automotive
systems. This is especially important as ECS
experts propose a RISC-V roadmap [5] and
potential for future automotive RISC-V devel-
opment in Europe in February 2024 to support
the evolution of automotive architecture.

2. RISC-V CONTEXT AND
OPEN SOURCE HARD-
WARE

2.1. A BRIEF HISTORY OF
RISC-V

The RISC-V (Reduced Instruction Set Com-
puting, Version 5) project is started in 2010 by
Professor Krste Asanovic and his team at the
University of California, Berkeley. Inspired by
the impact of open source software like Linux,
which had revolutionized the computing indus-
try by fostering collaboration and standardiza-
tion, the primary motivation behind RISC-V is
the creation of an open and standardized in-
struction set architecture (ISA) that could be
freely used, modified, and integrated in pro-
cessors and computing systems, ranging from
deeply embedded systems to higher perfor-
mance computing servers.

After decades of consolidations leading to an
Intel/ARM quasi-duopoly on processor archi-
tectures, the European sovereignty concern is
raised when ARM is acquired by Soft-Bank in
2016. The situation escalated further in Eu-
rope when NVidia attempted to acquire ARM
in 2020, potentially limiting Europe’s ability to
innovate and compete in the global semicon-
ductor market. Similarly, the Chinese industry,
especially Huawei, is targeted in 2019 by an
export ban on American technologies in ARM
cores.

At that point, RISC-V had demonstrated its
viable potential as an alternative to Intel
and ARM cores, while remaining independent

https://www.sia.fr

from both financial and geopolitical fluctua-
tions.

2.2. ECOSYSTEM AND GOV-
ERNANCE

Since 2010, the RISC-V ecosystem has
grown into a global community of both public
and private research and development organi-
zations, covering the whole range of activities
from HW and SW-dedicated research, hard-
ware design for processor RISC-V cores or
dedicated accelerators, processor or SoC de-
sign and fabrication, hardware devices man-
ufacturing, hardware-specific software devel-
opment, and systems integration.

In 2015, the RISC-V International Founda-
tion 2 is established to standardize the ISA
and extensions, synchronize with other initia-
tives, and animate the ecosystem notably with
3 yearly RISC-V summits in Northern Amer-
ica, Europe and China. Most members are
from United States or China.

The OpenHW Group® (soon to be hosted by
the Eclipse Foundation), as well as the CHIPS
Alliance* (hosted by the Linux Foundation)
focus on the development of open source
RISC-V cores, IPs and software tools. Sev-
eral European organizations contribute to the
OpenHW Group (notably ETHZ, CSEM, Glob-
alFoundries, Siemens, CEA, Thales, Kalray).
The Linux Foundation-hosted RISE project
(RISC-V Software Ecosystem) dedicates to
supporting software layers.

2.3. OPEN SOURCE HARD-
WARE

Open source hardware ° represents a trans-
formative approach to hardware development,
drawing inspiration from the success of open
source software. Its adoption is, however,

https://riscv.org/
Shttps://www.openhwgroup.org/
*nttps://wuw.chipsalliance.org/
Shttps://www.oshwa.org/
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slower than for open source software because
of the traditional closed IP business model.
While the RISC-V instruction set architecture
(ISA) is open and freely available for use,
modification, and distribution, the RISC-V Ii-
cence allows integration into both free and
commercial products. In fact, the implemen-
tation of a RISC-V-based system usually in-
volves many additional steps that involve ad-
ditional costs:

« from the RISC-V ISA to a working
RISCV Core design (HDL) - although
several open source cores are available
(e.g. EPFLs PULP platform [7]), higher-
performance cores are more often com-
mercial.

» from a RISC-V core to a funcional SoC
RTL design, many additional IPs (Intel-
lectual Property, i.e. modular building
blocks) are required such as memory
interfaces, caches, various accelerators
such as crypto, GPU or NPU (Graphic
and Neural Processing Unit), they usually
involve a license fee;

« fab and foundry costs to manufacture the
actual SoCs, including acess to a PDK
(Process Design Kit);

+ although several compilers and operat-
ing system stacks already support the
RISCV ISA (e.g. the GCC compiler col-
lection, the Linux and FreeRTOS oper-
ating systems), they show variable ma-
turity levels, so that many performance
optimizations or specific drivers require
costly additional developments.

Although the RISC-V ISA is free, a RISCV
system is certainly not. Many additional
components are available in the open source
HW/SW ecosystem, but often restricted to
lower performance or lower maturity, so that
a high-performance RISC-V based system
remains an IP-intensive product.

However, after decades of developments
under heavy Non-Disclosure Agreement
(NDA) rules, the availability of a de facto
standard, freely accessible ISA specification,

https://www.sia.fr

together with several reasonable performance
reference open source hardware implementa-
tions, and supportive of open source software
stack, is a major overhaul in the business
model, and it enables a whole new world
of collaboration opportunities. RISC-V has
become the de facto common language
for open collaboration on nondifferentiating
hardware IPs.

In the automotive domain more specifically,
collaborations might take several forms like
EU-funded collaborative projects like the
CHIPS-JU supported project RIGOLETTO, or
the Quintauris joint venture. Established in
2022 with support from Thales, STMicroelec-
tronics, NXP Semiconductors, Robert Bosch
GmbH, Infineon Technologies AG, Nordic
Semiconductor ASA, and Qualcomm Tech-
nologies, Quintauris® focuses on developing
RISC-V based microprocessors mostly for the
Automotive industry.

3. BUSSINESS MODEL BE-
HIND OPEN SOURCE

The maturity of open source hardware in-
creases fast, given that its growth is based on
accelerated collaborations between academic
and industrial communities thanks to 3rd party
funding. Moreover, we consider that the
RISC-V based microprocessors for the Auto-
motive industry are, today, between the first
two stages of the business model develop-
ment as defined by L. Thomas in [9]. Indeed,
preparing its business plan within this context
requires anticipating the evolution of business
models associated to an open source hard-
ware as described in Figure 2. Based on this
evolution, we discuss below arguments in fa-
vor of adopting RISC-V based microproces-
sors within the French and European Auto-
motive industry while discussing how to miti-
gate potential risks. Moreover, this evolution
is possible under the hypothesis that a dy-

®https://www.quintauris.eu/
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namic ecosystem is created, following exam-
ples from open source software like Unix or
Red Hat.

» Advantages

— Reduced development cycle with
an increased industrial acceptance
as one may start with commonly
agreed technologies. This is the
most expected and, probably, the
most wanted advantage by auto-
motive industry actors that support
open source hardware.

— Consolidation of common under-
standing and practice in integrat-
ing safety and security concerns
as, usually, open source hard-
ware achieve their technical matu-
rity together with a list of common
rules/technical choices that could
support certification and/or normal-
isation (common feature for the last
stage of development).

— Increased shared value is one side
effect of developing a community
around a topic, usually built from
Stages 1 to 4 during the evolution
of the business model. The Auto-
motive electronic and software in-
dustry is facing a value crisis that
could be solved during this evo-
lution as an open source (soft-
ware or hardware) community re-
quires healthy rules against non-
democratic choices within the gou-
vernance.  Transparency, repro-
ducibility and collective decisions,
usually, drive open source (software
and hardware) communities and we
expect them to propagate if and
when the fourth stage is achieved
for RISC-V based microprocessors
within the Automotive industry.

* Risks

— Lack of differentiating features within
the products could raise concerns
if all industry actors share exactly
the same hardware - this risk seems
a less important concern today as

https://www.sia.fr

some chip vendors do have the
monopole on same market seg-
ments, e.g., GPU indicating that
hardware is too far from customers
with respect to other markets (per-
sonal computers customers may
compare products based on the
hardware differences).

— Loss of access to previously shared
technology advances - this risk
could appear according to geo-
graphical regions as associated to
lack of chip vendors in France and
Europe. Mitigating this risk is done
during the first stage of the business
model and it requires important 3rd
party funding to be increased.

— Lack of anticipating the required le-
gal protection - this risk is associ-
ated to industry and academia ac-
tors when open source categories
are not well known, especially, con-
taminating properties.

4. SWOT PRESENTATION

As introduced in section 1.3, the impact of
the open source RISC-V ecosystem on the
automotive industry is analyzed using the
Strength, Weakness, Opportunity, and Threat
(SWOT) technique.

The open source RISC-V ecosystem lever-
ages the open instruction set to strengthen the
core, memory interconnect, and related accel-
erators, as well as related software develop-
ment tools (compiler, simulator, etc.) through
initiatives such as the OpenHW Group and
Open Alliance’. Differentiating features such
as safety and overall architectural perfor-
mance are intended to be managed in de-
rived commercial offerings. Consequently, the
scope of the study for the RISC-V SWOT
analysis is limited to RISC-V component use
cases such as microprocessors, microcon-
troller computing and memory architecture,
hardware acceleration with vectorized instruc-

"https://riscv.org/alliances/
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tions, Graphical Processor Units (GPUs), and mechanisms such as vector instructions,
Artificial Intelligence accelerators. but also by relying on low-footprint and
low-power of basic RISC-V core imple-

mentations.
4.1. STRENGTHS This enables performance improvements
The strenghts of the open source RISC-V for customized needs such as cryp-
ecosystem are seen as follows: tographic calculation or communication
« Open Hardware Collaboration Model: router, as well as optimizing performance

The open source model reduces devel-
opment costs by sharing designs and re-
sources, accelerates innovation through
open collaboration and the ability to con-
nect with the academic research world,
promotes transparency in development
by building trust.

It also facilitates the sharing of needs
within the community and developers to
create designs that meet needs, ensures
the sustainability of available and open
solutions.

* Opening market for hardware accelera-
tors: The RISC-V open source model fa-
cilitates the development of specialized
IPs that implement instruction extension

https://www.sia.fr

for complex calculations, particularly on
Al accelerators, while prioritizing the re-
duction of energy consumption brought
by the characteristics of the RISC-V in-
struction set.

Reinforce research and innovation: The
RISC-V open source model and its
ecosystem promote free access to open
resources facilitating experimentations
and the development of innovations.

The open source model favored by re-
searchers encourages the sharing of re-
sults and the acceleration of scientific ad-
vances, allowing academic research net-
works to be enriched with concrete and
shareable elements.
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Ultimately, it helps bridge the gap be-
tween the research field and industry by
sharing common assets.

Facilitate hardware-software co-design:
The extensibility of the RISC-V instruc-
tion set allows for the adaptation and op-
timization of software for dedicated hard-
ware, enabling gains in performance and
energy consumption.

To support this, the RISC-V ecosystem
includes commercial tools and research
prototypes that automate these develop-
ments through hardware code genera-
tion, compiler extensions for these new
instruction sets, and features for evaluat-
ing gains and comparing alternative solu-
tions.

Financial support from the European

several major players in the field of dig-
ital electronics design and manufactur-
ing, key players in the automotive indus-
try (ASML, Infineon, ST Microelectron-
ics, NXP Semiconductors...), as well as
leading fabless companies (Soitec, ARM,
IMEC, Bosch, Thales...).

It has a powerful ecosystem with part-
nerships between universities, research
centers, and industry, supported by Eu-
ropean research programs that promote
innovation and knowledge exchange.
Finally, it integrates a pool of qualified
talents thanks to the excellence and di-
versity of top-tier European training pro-
grams specialized in electronics.

Commission and national bodies: The 4.2. OPPORTUNITIES

European Commission, through the
Chip-JU initiative® aims to strenghen the
European secomiconduction by allocat-
ing a budget of 15,8 billions euros.

The opportunities of the open source RISC-V
ecosystem are seen as:
« Diversification in case of acquisition of

It includes a portion on the introduction
of a roadmap for European sovereignty
in hardware and open source software.
Specifically, calls for development tools,
the creation of IP, and an open hardware
ecosystem around RISC-V are co-funded
by national states and the Commission.
For automotive industry a dedication
action and budget line related to SDV
and led by DG CONNECT?® is existing
that covers also software infrastructure.
Similarly, the EuroHPC initiative'©,
aiming to promote the development of
world-class supercomputers, proposes
specific actions on the RISC-V ecosys-
tem, particularly through EPI (European
Processor Initiative) calls for HPC, with
one of the targets being embedded
systems.

Competence and Hardware IP Design
Ecosystem in Europe: Europe is home to

ARM by a major semiconductor player:
The current quasi-monopoly of ARM core
technologies in the embedded comput-
ing markets poses a risk of strong depen-
dency, reduction of supply, and therefore
an increase in prices, as well as poten-
tially restricted access to technology in
the event of consolidation with a power-
ful semiconductor player, as initiated by
NVIDIA in 2023.

The adoption of RISC-V technology by
companies provides guarantees thanks
to its open ecosystem and the multitude
of cores solutions and tools exploiting the
basic open source technology, which of-
fers flexible alternatives and a great diver-
sity of solutions.

Moreover, the research programs and
startups using this technology are driving
the rapidly growing market of Al acceler-
ators and the Internet of Things (IoT).
This diversification at the heart of innova-
tion is a real opportunity for semiconduc-

®https://www.chips-ju.europa.eu/

*https://digital-strategy.ec.europa.eu/en/
policies/digital-vehicle-ecosystem

"https://eurohpc-ju.europa.eu/index_en

tor companies.
» Collaboration with China: Collaboration
with China accelerates innovation while

https://www.sia.fr 8
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reducing development costs due to the
large number of developers involved in
the development of this technology.

A typical example is the open source Xi-
angShan project initiated by the Academy
of Sciences to create a high-performance
open source RISC-V processor, which re-
ceives support from numerous industrial
companies. The Beijing Institute of Open
Source Chip, a non-profit organization,
is created to support the development of
cores on an open GitHub'', whose per-
formance and efficiency are recognized
in the field of HPC research[6].

Research and development partnerships
between academic institutions thus pro-
mote the exchange of knowledge and
skills.

Opportunities for French and European
players: The semiconductor market us-
ing RISC-V cores allows new or estab-
lished design companies to benefit from
greater independence, rapid innovation,
and infrastructural and collaborative sup-
port with research.

The sectors of artificial intelligence, cy-
bersecurity, and the Internet of Things
(loT) are very active, offering opportuni-
ties for new, high-performance, and effi-
cient specialized IPs.

Additionally, the use of RISC-V cores
as an alternative to traditional architec-
tures for established SoC or IP providers
is also an opportunity for independence
from ARM technologies.

Access to these technologies is also fa-
cilitated for small structures with the free
technologies and tools available in the
ecosystem.

Efficiency Brought by Technology: The
RISC-V instruction set is designed to be
simple, regular, and efficient, with re-
duced encoding that minimizes the num-
ber of execution cycles. lts reduced and
scalable instruction set decreases the
complexity in core design and promotes
efficiency with a small footprint.

"https://github.com/OpenXiangShan

https://www.sia.fr

Additionally, the extensibility of the in-
struction set allows for the completion of
these cores by optimizing repetitive oper-
ation sets as needed.

For solutions requiring more complex cal-
culations, optimizations are possible with
vector operations or specific operators,
minimizing the number of cycles.

For example, the manufacturer SiFive'?
claims 30-40% better power efficiency
and a smaller size on its general purpose
computing core.

Contribution of Safety Expertise to the
Open Hardware Ecosystem: The knowl-
edge from the European industrial and re-
search ecosystem in the automotive and
industrial sectors, particularly chip de-
signers accustomed to developing SoCs
dedicated to these critical, safe, and se-
cure applications, is a real asset for
strengthening open RISC-V solutions.
Taking these constraints into account en-
hances the utility of available open source
solutions but also allows differentiation in
derived commercial solutions.

This expertise is a true asset of the Eu-
ropean semiconductor industry to boost
innovation and cover the market for spe-
cialized accelerators.

Designing software stacks and tools:
The open and royalty-free architecture
of RISC-V instructions promotes the de-
velopment of both free and commercial
tools for software development on these
cores.

Additionally, the academic and open
source developer ecosystem is very ac-
tive in these activities, allowing for more
freedom in development and customiza-
tion of RISC-V solutions to introduce
innovations.

Compilers, operating systems like
Linux or FreeRTOS, and simulators
are freely available, enabling rapid and
cost-effective development, as well as
the development of specific extensions
supported by tool adaptations.

Zhttps://www.sifive.com/
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This open ecosystem is a true facilitator
for development and opens up numerous
opportunities for the development of soft-
ware stacks for embedded systems such
as automotive, while also nurturing and
maintaining an open source ecosystem
more easily.

Typically, most Linux distributions such
as Ubuntu, Fedora, etc., support RISC-V
cores, and evaluation boards based on
RISC-V cores from the openHW Group'3
are available for software development.

» Chiplet as a catalyst for this technol-
ogy: The emergence of chiplets, driven
by the standardization efforts of UCle'4
(Universal Chiplet Interconnect Express)
for rapid interconnection interfaces be-
tween hardware IPs to compose chiplets,
presents a real opportunity to support the
development of RISC-V technologies.
This standardized and open interoper-
ability boost the integration of specific
IPs, particularly Al accelerators from
various sources, in combination with
high-performance memory architectures
and general-purpose cores and intercon-
nects.

These chiplet solutions are able to cover
applications requiring high performance,
such as those needed in HPC for SDV de-
ployment.

This new modularity also allows for a
scalable diversity of performance needs,
enabling the use of innovative solutions
based on RISC-V.

4.3. WEAKNESSES

The weaknesses of the open source RISC-V
ecosystem are seen as:
« Emerging RISC-V Market: the RISC-V

sents only a very small part of the global
SoC market'®, which is valued at over
USD 350 billion, with the automotive mar-
ket accounting for approximately USD 10
billion'”, still seen as a niche market com-
pared to cunsumer market.

Although a strong growth of over 30%
is predicted by 2030 for RISC-V, current
penetration in the automotive field is very
low, where Renesas is seen today as
the only historical supplier distributing a
RISC-V core microcontroller'®.

However, a number of historical players
comes together to work on RISC-V adap-
tion for automotive in Quintauris. Other
emerging players in the automotive field
distributing solutions include SiFive, AN-
DES, etc. (non-exhaustive list).

Most of the solution available are Mi-
crocontrollers (MCU) mostly designed for
loT market whereas performance proces-
sors are still under design (with the ex-
ception of SiFive as pionner in this new
performance market).

Reluctance of Automotive Industry Play-
ers: the automotive industry is con-
servative, mainly due to the reliability
and safety/security constraints essential
to mitigate risks to people and financial
risks.

Changing processors and the associated
tooling requires human investment, as
well as a solid validation set demon-
strated through significant experience
feedback. The entire value chain of the
automotive industry must be convinced,
with decision-makers actively participat-
ing in technology choices.

Additionally, although open source soft-
ware is present in automobiles mainly
in the infotainment domain, open source

SoC market is estimated at USD 0.92 bil- Ny orintells Py
lion in 202415, primarily distributed in Asia ps: /i Mordothte Ligence  con/*r

) . ) industry-reports/system-on-chip-soc-market
and mainly in the loT market. This repre- "https: //www.mordorintelligence.

com/fr/industry-reports/
Bhttps://www.openhwgroup.org/core-v-devkits/  automotive-semiconductor-market

“https://www.uciexpress.org/ "®https://www.renesas.com/en/products/
15https://www.mordorintelligence.com/fr/ microcontrollers-microprocessors/rz-mpus/
industry-reports/risc-v-tech-marketes rzfive-general-purpose-microprocessors-risc-v-cpu-core-andes-
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hardware is a new model still maturing
with no clear governance and asociated
business model.

However the automotive electronic sup-
plier industry identifies an interest for
RISC-V technologie, and the short-term
penetration this technology seems more
feasible in security or Al accelerators, a
new and rapidly growing market.

Current computing performance: Unlike
x86 processors, ARM and RISC-V cores
have simple, scalable, and reduced in-
struction sets, which give them better per-
formance per watt.

ARM processors are widely deployed in
large ecosystem including derived SoCs
for automotive applications. ARM proces-
sors are designed to deliver performance
with low power consumption, and no-
tably, the latest generation of offers per-
formance gains of around 30% and 50%
in terms of power consumption compared
to the previous generation (ARMv8)'°.
RISC-V cores are designed to be com-
petitive in terms of power consumption
but are still too nascent to be competitive
in performance with ARM.

A recent scientific publication [1] from
2024 based on open source implemen-
tations highlights that the RISC-V archi-
tecture consumes fewer watts than the
ARM architecture but is less performant,
ultimately generating more dissipated en-
ergy with longer execution times.
Non-standardized memory model: Only
the instruction set of RISC-V proces-
sors is open and standardized. How-
ever, the CPU architecture and the asso-
ciated memory model, such as the defi-
nition and optimization of memory buses
and interconnects, the mechanisms im-
plemented in the pipeline, memory banks
and their various optimizations (DRAM,
HBM, Scratch PAD, Flash, etc.), are all
crucial for the execution performance of a
processor.

This performance optimization also cov-
ers the management of memory banks to
access accelerators, which is critical for
Al and cryptography accelerators.

This memory model is competitive and
is not addressed as a priority by open
source hardware projects, and is there-
fore considered a closed source, which is
a weakness for the deployment of high-
performance RISC-V solutions.

Maturity Level on Reliability: Complex
SoCs developed for the automotive mar-
ket integrate mechanisms to meet safety
and security requirements, such as Mem-
ory and /O Protection Units (MPU,
IOMPU), Memory Test Units (MTU), lock-
step, Built-in Test modules, Safety Man-
agement Units, End-to-End protection on
bus and memory, debug protection, Hard-
ware Security Modules (HSM), Trusted
Zones, security instruction sets, etc.
Open source implementations do not in-
tegrate these features, which are manda-
tory and differentiating for SoC providers.
The MCUs currently available on the mar-
ket, primarily targeting the loT market, do
not contain all these features. Addition-
ally, the application of 1SO26262-Part5
on hardware must be demonstrated on
these components to cover the highest
safety integrity level (ASIL-D).

Therefore, SoCs need to mature to meet
automotive needs and provide guaran-
tees on the reliability of components in
operation.

Incomplete solution for Al accelerators:
The solutions developed for hardware ac-
celerators are mostly managed in open
source hardware by academics or star-
tups, all in a competitive way. Further-
more, there is no emerging solution for an
open hardware GPU.

Vector extensions are available for RISC-
V in the standard, but it also offers spe-
cific extension mechanisms that allow
for specific acceleration implementations.
This makes it difficult to unify across var-

https://newsroom.arm.com/blog/

ious implementations or application pur-
armv9-cortex-x925-cpu-performance
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poses, and the same is true for software
stack drivers.

Moreover, some commercial tools exist
to automate hardware customization and
software compiling in the context of in-
struction customization. However, gener-
ally, there is a gap in supporting the com-
plete development of accelerators, typi-
cally Al acceleration, from high-level de-
sign of neural networks, for example, to
implementation in the target with RISC-V
specificities.

Risk on emerging solutions for HPC: As
mentioned in section 4.2, collaboration
with China, particularly on the HPC work
of the XiangShang project (mainly target-
ing cloud needs), is both an opportunity
and a risk.

Indeed, the geopolitical situation between
China and the West, particularly the
United States, could lead to embargoes
or restrictions, as discussed today by the
American Congress regarding IRTA rules
and RISC-V

4.4. THREATS

The threats of the open source RISC-V
ecosystem are seen as follows:

» The business model around open hard-
ware is unclear: It is perceived as com-
plex and uncertain because, unlike soft-
ware, hardware requires different skills
and significant investments to design and
produce electronic components. The
economic model is not yet established in
this field, especially in the automotive in-
dustry where the value chain is very hi-
erarchical and structured. Responsibility,
critical development constraints, and eco-
nomic competition are determining fac-
tors in the choices of stakeholders, which
seem difficult to value in an open source
context. Communities for industrial ex-
ploitation are fragmented and still in the
process of structuring to this day.

pared to Europe, investments in research
and development are more aggressive
and substantial in the United States and
China, where these states have massive
policies supporting the electronics indus-
try.

Access to capital is more favorable in the
United States due to the more developed
management of venture capital firms, and
the public financial power of the Chinese
state is omnipresent in its support for the
industry as well as in universities.

On the other hand, in the United States,
universities play a crucial role in startups
with dedicated partnership programs,
mentoring, and access to resources, with
a culture of innovation and risk-taking that
is less present in Europe.

Unbalanced public support compared
with the United States and China : RISC-
V technology becomes a strategic issue
for China and the United States, both of
which are investing heavily.

For China, it is an opportunity to re-
duce dependence on Western technolo-
gies, with major companies like Alibaba
investing in this technology as described
in this article [2]. Additionally, the strong
support from the Chinese state for educa-
tion and numerous universities is evident
through the strong positioning of the Chi-
nese Academy of Sciences®°.

In the United States, where RISC-V tech-
nology is invented at the University of
Berkeley, there are many electronics star-
tups using RISC-V, such as SiFive, a pi-
oneer in RISC-V processors, which al-
ready has a significant global market.
Major American companies like Google,
Qualcomm, and NVIDIA are investing
heavily in RISC-V, and leading research
laboratories are also working on RISC-
V-related projects. The CHIPS Act pro-
vides strong support, with several hun-
dred of billion dollars allocated to the
semiconductor industry, including a por-

Competitiveness of European pIayers 20https://english.c:as.cn/newsroom/cas_media/
compared to the rest of the world: Com-  202305/t20230529_331088. shtml
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tion specifically for RISC-V, particularly in
Tech Hubs, as well as the RISC-V Foun-
dation to support its research.

These dynamics show that RISC-V has
become a new front in the technological
competition between these two countries.

» Sovereignty for open source and ITAR
rules: In the United States, the govern-
ment is currently examining the poten-
tial risks associated with China’s use of
RISC-V. Members of Congress have ex-
pressed concerns about the possibility
that China could use this technology to
circumvent restrictions on the export of
advanced chips.

The U.S. Department of Commerce is
considering measures to limit China’s ac-
cess to this technology. In particular,
ITAR regulations on the control of the
manufacture, sale, and distribution of de-
fense and space-related items and ser-
vices defined in the munitions list could
be subject to export controls.
Additionally, this introduces an additional
risk to the governance evolution around
RISC-V and its associated ecosystems.

« Rare and Valuable Skill: The devel-

opment of semiconductors requires ad-
vanced skills in digital and analog design,
simulation, and verification methods.
Acquiring these skills to be proficient
takes many years of experience. In this
context, there is a high demand for tal-
ent in this industry and in RISC-V, partic-
ularly driven by the growth of the Al field
where companies are investing heavily
and competing in the markets.
Recruting these profiles requires time
and can also constitute a strong call for
resources from the academic field, influ-
encing research programs.

+ Attention point on the possible introduc-
tion of Trojan Horse in hardware IP: The
open source model can be an entry point
for the introduction of malicious modifica-
tions or hidden channels in the hardware
IP code.

These modifications compromise reliabil-

https://www.sia.fr

ity or introduce security risks that are po-
tentially difficult to detect due to the com-
plexity and amount of code required to
implement a complex IP.

However, this risk can be mitigated by
implementing vigilance and a solid and
reliable governance structure within the
hardware ecosystem, as well as by estab-
lishing thorough verification processes,
including formal methods when applica-
ble.

Note, that for the automotive industry
which involves critical applications, the
verification processes are very mature
and reliable among semiconductor man-
ufacturers.

5. RECOMMANDATIONS

The introduction of RISC-V (and accelera-
tors) with the open source hardware model
promotes sovereignty and market resilience
against the risk of concentration on a sin-
gle architecture. This accelerates the de-
velopment of solutions through collaboration
on non-competitive topics (runtime software,
tools, and components) as a base solution (to
be enriched, optimized, etc.) for commercial
exploitation, while also accelerating innova-
tion through collaboration with the academic
world and the entire ecosystem.

Low-end MCU solutions are available, primar-
ily targeting the loT market, but more com-
plex solutions are emerging, allowing expan-
sion into other areas.

The working group therefore recommends
supporting and getting involved in R&D activ-
ities around RISC-V for the automotive sec-
tor and engaging in the ecosystem to facilitate
the maturation of solutions. There is not only
a technical challenge for MCUs to support de-
signs compatible with automotive safety con-
straints, but also a challenge for heteroge-
neous multi-core/many-core architectures in-
tegrating accelerators to meet the needs of
embedded HPC for SDV.

There is also a place for healthy competivity
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on performance of the processors where the
RISC-V can gain a future market by produc-
ing alternative solutions with current dominant
computing and IA accelerators solutions.

The RISC-V market is very active with many
new announcements every week, far beyond
the automotive market. It seems important
that everyone closely follows these advances
and adopts a progressive approach by creat-
ing, for example, a group to determine oppor-
tunities based on specific needs (such as ac-
celerators) and get involved in standardizing
solutions for the automotive sector.

However, it is essential to ensure European
sovereignty over solutions within the ecosys-
tem to maintain independence in an uncertain
geopolitical context.

6. CONCLUSIONS

The adoption of RISC-V and open source
hardware presents a significant opportunity
for the automotive industry to enhance inno-
vation and maintain technological sovereignty.
By leveraging collaborative efforts and aca-
demic research, the industry can address
the challenges of modern electronic architec-
tures and accelerate the development of high-
performance, energy-efficient solutions. In the
medium term, strategic involvement in RISC-V
initiatives will be crucial for ensuring European
competitiveness and resilience in a rapidly
evolving market.
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