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Introduction




Masaki Gondo, SEVP/CTO/Head of Software, eSOL

» | was supposed to be a music player but graduated from SUNY ESF in Biochemistry and joined
eSOL in 1996

« Development of original (RT) OSes and applying them to
automotive/industrial/consumer/aerospace projects with consultations

« Supported Arm MPCore in 2006 as the first commercial OS. Announced another first manycore-
capable OS in 2012 (eT-Kernel Multi-Core Edition and eMCOS)

 Joined AUTOSAR to develop AUTOSAR Adaptive Platform in 2016 as one of the original
architects, and still a member of architecture group

« Chaired IEEE2804 SHIM (Software-Hardware Interface for Multi-manycore) and published in
2019

« Certified our OSes for 1SO26262 ASIL-D and IEC61508 by SGS-TUV

* Introduced Scrum in 2015 and integrated it with FuSa

« Continuing R&D on behavioral driver model technology

» |Introduced Product Management to the company in 2003

« Executive Consultant for DENSO execs and also for Woven by Toyota

« Current position since 2022, announced to become CEO/CTO/President on March 28™" 2025
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Atop the Adaptive Platform -
Service modeling




Software platform architecture based on SOA (old)
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Domain models implemented as platform services
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The need for non-automotive domain modeling

“Automotive domains”

: Engine, Gearbox,
Powertrain Transmission,
Battery-

Manager...

Because SDV is a “vehicle defined by software” and
software requires a ‘model’ to design and implement it

We need to look at the vehicle ‘system’ from the top view

* Fight to keep distance from so-called “automotive domains” oraking, ADAS,
— physical elements such as power-train, ADAS (sensors and

compute), IVI, body, chasis — this departure from the automotive g ol
domain thinking is essential in the right system modeling here Seat...

 We need to decouple it from hardware, provide non- Dashboard
. . . : HMI-IVI Headunit é—call
automotive-friendly schema for the wider-ecosystem essential eal

for both “delivering and capturing the value” ‘ ®

» Our thinking is wired and driven by words — so the terms/names Do not start from here!
are critically important! It will force it to be

hardware-defined

(O
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DVE: A holistic and driver-centric vehicle system model

The top-level system model fully decoupled from the vehicle system (we/you) automotive guys talks about

DVE (Driver-Vehicle-Environment) model
e Car has driver, vehicle itself, and the environment that vehicle exist
* This is the highest model, and services shall be defined beneath

Additionally, ‘Utility’ domain is added to handle the aspect oriented,
system-wide functions - So it becomes “DVE+U” model

1. Recognition and judgment
characteristics

2 Relationship between
and dnving psyehomgy

ITS
in-vehicle information devices

Plenty of prior studies based on DVE
» Prof. Doi in 2006 — one of the oldest paper that discusses DVE

Drlver
« Has been used in various researches, spanning from cognitive science, o QL percepiion
AD/ADAS, safety, HMI but all revolves around "human centric design” Envomens LVt

- Effectively the same model is often used in the fields of behavioral driver model ’
studies in AD/ADAS and adaptive HMI

 DVE model is a good candidate as the basis for the SDV requiring the holistic

world model

. Ou :
to p _I evel VI eW Ob Perception —;Lb Msai:gi?;;r |  Action %b
o :
1. S. Doi, “TECHNOLOGICAL DEVELOPMENT OF DRIVING SUPPORT SYSTEMS BASED ON HUMAN BEHAVIORAL CHARACTERISTICS,” IATSS ‘ (@

Research, vol. 30, no. 2, pp. 19-28, 2006, doi: 10.1016/S0386-1112(14)60166-7.

2. 8. Xie, S. Chen, N. Zheng, and J. Wang, “Modeling Methodology of Driver-Vehicle-Environment System Dynamics in Mixed Driving Situation,” in 2020 IEEE
Intelligent Vehicles Symposium (IV), Las Vegas, NV, USA: IEEE, Oct. 2020, pp. 1984-1991. doi: 10.1109/1\V47402.2020.9304850.

3. A Capustiac, B. Hesse, D. Schramm, and D. Banabic, “A human centered control strategy for a driving simulator,” vol. 11, no. 01, 2011.

4. M. Da Lio et al., “Artificial Co-Drivers as a Universal Enabling Technology for Future Intelligent Vehicles and Transportation Systems,” IEEE Transactions on
Intelligent Transportation Systems, vol. 16, no. 1, pp. 244-263, Feb. 2015, doi: 10.1109/TITS.2014.2330199.
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https://doi.org/10.1016/S0386-1112(14)60166-7
https://doi.org/10.1109/IV47402.2020.9304850

Platform Services\
DVE+U model — Briver\ ‘
fundamental - = .
O bJ eCtS/Se rVI CeS Behavioral model | | Psychological model
The model is the ontology of the Yehicle)
‘vehicle system’ [—_‘ 4‘ _‘ _‘

Motion Interior Exterior VehicleDashboard

Each service provides objects not
tied to the specifics of each
VehICIe Environment)
E.g., Traffic service provides . = = -
“MOVIngObJeCt” ClaSS, InStead Of Road infrastructure Traffic Atmosphere_
“CameraData’, or “LIDAR-point- |
cloud-data”, to hide the specific
physical sensors used iy
This model provides the _ — . _ o
‘abstractlon, essential to enable Software Update Gateway Diagnostics ‘ Configuration vault ‘
another principal ‘Decoupling’ | | | O ‘
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Software platform architecture based on SOA (new)
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MCAL MCAL

BSP (hardware dependent layer — physical device drivers, HW PF specific libraries)
Hardware

Multi-chip-nodes Heterogeneous hardware
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API

System modeling for software decoupling the hardware

« Applying the DVE model for the SDV Platform design to decouple the hardware (machines/electrics)

« Akey factor in SDV is “softwarization” of mechatronics hardware enabling simulation/virtual
hardware

 DVE allows encapsulating the hardware while serving as the APl model of SDV Platform

System top-level service Mapping the world, system, and Mapping the system model into a
modeling based on DVE computer software as a SDV platform

Platf: Servi
_ World System Computer Computer designed for SDV
Behavioral mod; \r Psychological mod \r Usel" - - -
= | - € Computer
Software
. , ; Electrical
a a o a
N I S } - Rl System 2 hardware ™
Environment\ . Computer ) -
M ec h a n |Ca | h d Multi-kernel (POSIX OS) Common driver/protocol stacks, utilities os 0s 0os 0s Iayer
Rond nfastroctor € | TTTTTT € A'mospneree e : - - hardwa re ar Wa re BSP (hardware dependent layer — physical deyle drivers, HW PF specific libraries) MCAL MCAL MCAL .
ardwi
Utility
L ) a £ 1
Software Upd Gateway & Diagnostics ‘ Conf
J
| |
| ]
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Decoupling

Criticality mix and separations

Body Powertrain  Chassis
Mostly QM

Platform API

QM to ASIL-D
Mostly ASIL-B or B(D)
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Decoupling

Decoupling of mechanical/electrical and E/E arch

Run on vehicle generic PFE APL(DVE +U) ody  Powertrai .

Platform API

Offer services
(PPorts) aver

| _ VFB and
Mix of callouts to CF services and hardware | jmplements the

specific implementation hardware

specifics

And, the VFB and VFB++ in future shall abstract and manage the E/E arch variants
AUTSSAR
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Underneath the Adaptive
Platform - Multi-kernel OS




IPC is critical for AUTOSAR Adaptive Platform

FFI
» Adaptive Platform has the architecture with FFI in mind
« Adaptive Applications and Functional Clusters are User Applications
iImplemented as OS processes, ensuring FFl Adaptive Adaptive Adaptive
+  The OS Interface (OSI) of ARA is POSIX PSE51 fepieaton fepieaten fepleaten
 Single-process profile AUTOSAR Runtime for Adaptive Applications (ARA)
. ara::com ara::rest ara::tsync
« PSES51 provides no IPC, no fork/exec/spawn Commupicatin Mgnt. RESTHul Tirme Synchronization
« Only way to explicitly communicate to other processes is o 2 ara::per . wmhm
. . . . . - Persistenc atform Healt nt.
via ara:.com with its IPC binding i — e ’
«  Functional Clusters can use any OS interfaces Core Types ErecdtionMant. | Identity AccessMant.
« Performance and scalability of IPC is critical POSIX PSES /e STL
perating System

« Platform heavily depends on the compartmentalization of

software entities with OS processes —

IPC: Inter-Process Communication

(O
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The change In the processor architecture and IPC

* It has been 20 years since ARM 11 MPCore is introduced to the market
* Now the clusters of cores (or more) totaling 10, 12, 16, 32, even 256 cores are available

* This trend is inevitable, due to the end of Dennard Scaling and Pollack's rule becoming
more relevant the only way to scale up the performance is not by increasing the frequency but
by the number of cores

» This will be coupled with programmable accelerators/coprocessors, resulting in
heterogenous-manycore compute to meet the HPC challenge

 Now all these processor cores and accelerators will be interconnected by super-fast and high-
bandwidth NoC or similar, and soon with multiple chiplets

* This whole set of changes in processor/interconnect architecture calls for a new
architecture of OS and IPC

(O
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Example — eSOL eMCOS multi-kernel OS

 The world’s first commercial RTOS that natively supports homogenous/heterogenous,
system-of-systems design, with SOA

* Itis based on a multi-kernel design, or distributed microkernel architecture providing a
highly performant and scalable foundation for IPC

 Layered scheduling mechanism provides both hard-realtime determinism and high
throughput computing with load-balancing

» The multi-kernel inherently has high level of FFI offering excellent safety and security
« Standard API support for multi-process POSIX and AUTOSAR OS
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Distributed microkernel and scheduling
Pt | Pri 2 " pri4 | e Hard real-time threads:

Manycore Processor / Microkernel These threads are
| |
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........ BT Pri 10 Pri 45 Pri 11 Pri 9
T U T B = moom Application, : :
..... “aa e m — " Pri 20 Pri 55 Pri 12 Pri 11 .
I I - Middleware, . . : : Soft real-time threads:
N “-,_—’- "~l~ | | . . o . ’

RIS I / driver S Pries e These threads are
"""""""""""" Pri 70 load-balanced

Server App . App App Core 1 Core 2 Core 3 Core 4

Thread  Thread Thread Thread BZERN RUNNING

Pri # READY

Interface Library Pri # Non-READY

“Y = Core Local Scheduler
s = Thread Scheduler (server)

Micro-kernel
4 Root Cluster 750
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Leaf Clusterl ' Ts Leaf Cluster3 T8
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\ WA J
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N\ J O\ J
\ J
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Realizing a good computer by designing the detail from a holistic view

Design it by going beyond the layers

Service Oriented Communication stack example

« ROS 2 stack—DDS
stack—Linux kernel

networking stack —
— a totaling to 15 layers

{ e E * If the kernel has the
T ——— inter-core, inter-chip

Userggsce 7
UDP/IP

Service Oriented Comm.,
this can be cut down
into 5 layers

| System call interface |

| Protocol agnostic interface |

Kem ce I Network protocols |

| Device agnostic interface I
| Device drivers I

Linux kernel core (scheduling/etc)
Physical device hardware

HV+OS+Container example
Isolation & specialisation with unikernels

VM VM VM

VM VM VM

VM
g
g
8

Isolation Specialisation

Kernel Kernel i Kernel [ Kernel

Hypervisor Hypervisor Hypervisor
Hardware Hardware
Linux Container Container per VM Unikernels
Shared kernels Duplicated kernels Specialized kernels

* In the cloud HPC, the trend is Hypervisor =
Container+Linux = Unikernel/Library OS

 Looking this architecture from a processor view,
this is essentially user-land intensive multi-
process OS

« = A multi-kernel combined with unikernel

https://medium.com/@manuzhang/unikernel-67b1d2aa734c
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How kerne

SMP single kernel

Thread Thread Thread Thread

Multi-kernel

Thread Thread Thread Thread

4

A

Message

locks are designed in different types of kernel
AMP single kernel x N

Thread Thread Thread Thread

| 4 |
Co L 0L | | Local LoLaI LoLaI LoLaI
r Local || Local || Local || Local
e Global Kernel Lock Lock || Lock || Lock || Lock Lock |l Loek I Lock || Lock
\\H/ | [ \\// N L/
I PI Message Message Amdahl's Law
o =
The global kernel locks starts to heavily impact the parallelism /] "
of OS processing above 8 cores -
Distributed microkernels do not share the data over processor / ——
cores — no global locks )%
Messaging is minimized with the unikernel/library OS design, NErA=
with a patented multi-kernel futex Nl |
AUT©SAR | Number of Processors
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Heterogenous compute example using multi-kernel

Integrates heterogeneous/homogeneous multi-manycore system over the
message passing

From single, multi, and manycore, with different memory subsystems

@ EREN--- S
Threads/ Client
Processes . . .. .. ses . Aglaepqicxation
Message Passing AP . Server
: OpenCL
Microkernel e . Worker

Inter-MK Messaging

MCU
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Innovations In various lavers shall come
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Application design

Platform API
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= o
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Management Management
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Let us work together

The automotive industry faces the question —
“To be, or not to be”

Will we work together to live, or die slowly? litronAladelin and Jasminel
Because it is a smartphone on wheels, it will How are you doing that?
eventually come down to a few platforms RSN DS CaRPR

I-it's lovely...

through generations.

You don't...you don't wanna go for a ride, do you?

Will we play the geopolitical game or execute

We could get out of the palace, see the world

Open-closed principle and collaborate in the s it safe?

open StandardS? Sure, do you trust me?

| still believe AUTOSAR as one of few grounds  What?

we can play together Do you trust me?
Yes...

AUTSSAR
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