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In the era of Software-Defined Vehicle st

= Automotive industry is embracing Service-Oriented e~
Architectures (SOA) as a new paradigm to design SW updates
modern applications like Software-Defined Vehicles j greﬁggﬁ\j‘;
(SDVS)  Over-the-air
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Automakers are increasingly building software in-house with

SOA based design
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Simulink: deploy software to different targets and standards

1 x = 1:10;
2 n = length(x);
3 avg = mymean (x,n);
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Agenda

Advanced Simulink semantics for the development of services
Software architecture modeling
Conclusions and key takeaways
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Agenda

Advanced Simulink semantics for the development of services



Simulink Supports Exporting Callable Functions Well

= Export Function Modeling s
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Service-Oriented Behavior Modeling with Simulink Messages
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You can model service-oriented communication

using messages (Send/Receive)

https://Mmww.mathworks.com/help/simulink/ug/simulink-messages-overview.html
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Service-Oriented Behavior Modeling with Service-Based Functions

mClientl

data

caller
client.f1()

client.f1 @

mServerl

!

y = f1(data)

scoped: server

@ server .1
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Model client and server components to facilitate data sharing using a functional interface between

component models

https://mww.mathworks.com/help/simulink/ug/call-simulink-functions-in-other-models-using-function-ports.html
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Service-Oriented Behavior Modeling with Message Triggered/Polling Subsystem
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Message Triggered Message Polling
Subsystem Subsystem

New blocks to process messages by executing subsystem when
message Is available

Model and generate code for components that are executed on
message arrival

https://mww.mathworks.com/help/simulink/ug/message-triggered-and-message-polling-subsystems.html
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Service-Oriented Behavior Modeling with Service-Based Functions
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T
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Functionreturns are bundled into messages

Async Function Caller
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deferrable Server executes deferrable Invoke client callback
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Service-Oriented Behavior

7 * mAsyncClientServer: Schedule Editor
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Service-Oriented Behavior Modeling

Visualize Sequence of Service Calls Using Sequence Viewer
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User Presentations on SOA

How to Model on In-vehicle OS

Arbitration in AD/ADAS vehicles

is more rationol, just, and humane than the resort to swords

MATIAB 4 . InterfaceClass E ““"‘"" :

SIMULINK - (
/7 Filled with OS APY
s . 2 " - Arbitration in AD/ADAS vehicle is responsible for decsion-making between Lateral control, Longitudinal
. ) e

. control or hybed control, The decision made leads to tactical & stra the vehicle manoeuvre
At any point of time, Arbitration module shall consider! 1o make the decisions

New Features New Modeling Principle Deployment

Support SOA Behavior Specific rules based on Depioyed just like Arbitration scheme can be chosen based on varous behaviour ¢y

practice normal applicabon

Priorty
* Pre-defined order

* Cost-based rules

KPIT

Applications for In-Vehicle OS Model-Based Design



https://www.mathworks.com/videos/service-oriented-arbitration-of-adas-features-with-model-based-design-1691431416205.html
https://www.mathworks.com/videos/service-oriented-arbitration-of-adas-features-with-model-based-design-1691431416205.html
https://www.mathworks.com/videos/using-model-based-design-to-develop-soa-applications-for-in-vehicle-os-1683546563196.html
https://www.mathworks.com/videos/using-model-based-design-to-develop-soa-applications-for-in-vehicle-os-1683546563196.html

Agenda

- Software architecture modeling
 AUTOSAR Classic — signal based
« AUTOSAR Adaptive — services based

&\ MathWorks
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AUTOSAR Classic & Adaptive

AUTOSAR® (AUTomotive Open System ARchitecture) is an open and
standardized automotive software architecture

Classic AUTOSAR AUTOSAR Adaptive
Application Software Adaptive Application Services

e g w

OVER THE AIR UPDATE .
Basic Software

/"_\\,‘
@

Basic Services

Non - AUTOSAR
Classic - AUTOSAR

Adaptive - AUTOSAR

15



Exhibition&Conference
... '8 @ smarter world

Develop and Integrate AUTOSAR Classic and
Adaptive Applications Based on SOME/IP

@ embeddedworid=o=2

Shwetha Bhadravathi Patil Aastha Kanwar Roy Park
Technical Product Marketing Application Engineering Consulting Services
MathWorks MathWorks GmbH MathWorks
Natick, MA, United States Ismaning, Germany Seoul, South Korea
shwethap@mathworks.com akanwar{@mathworks.com roypark{@mathworks.com

https://www.mathworks.com/content/dam/mathworks/conference-or-academic-paper/develop-and-
inteqrate-autosar-classic-and-adaptive-applications-based-on-some-ip.pdf

4\ MathWorks
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https://www.mathworks.com/content/dam/mathworks/conference-or-academic-paper/develop-and-integrate-autosar-classic-and-adaptive-applications-based-on-some-ip.pdf
https://www.mathworks.com/content/dam/mathworks/conference-or-academic-paper/develop-and-integrate-autosar-classic-and-adaptive-applications-based-on-some-ip.pdf

Structure of Proof-of-Concept

AUTOSAR Classic

Phase 1

SWC : Server

=

BSW Stack

ECU Netwo Client

Windows

AUTOSAR Adaptive

: Phase 2

SWC : Server

ARA::COM

SOME/IP Daemon

4\ MathWorks
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AUTOSAR Adaptive user Article

Elektrobit - Developing AUTOSAR Adaptive Software for a Driver Monitoring
System with Model-Based Design

o™ Simulation start Sl kAl 7 2:3

fin3:
FiterState

l!' ,’,.:-:_::-,.,,.‘.? 1541 Video output
e Ere 3 | S IR i}'
| . .4’7’ ",’ \

“Model-Based Design could accelerate development of end-to-end, AUTOSAR Adaptive software systems”™ |,

Log output



https://www.mathworks.com/company/newsletters/articles/developing-autosar-adaptive-software-for-a-driver-monitoring-system-with-model-based-design.html
https://www.mathworks.com/company/newsletters/articles/developing-autosar-adaptive-software-for-a-driver-monitoring-system-with-model-based-design.html
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Cloud Deployment workflow with MBD

Simulink

adws

)

Adaptiv = UTOSAR

Application Software HESSICARTOSAR

Application Software

EB corbos Middleware
Elektrobit

EB tresos Base Software
Elektrobit

EB corbos Linux Synopsys Silver

Elektrabit SY"I]PSYS

[REE Amazon EC2 oo Amazon EC2
[Arm, AWS Graviton] [x86]
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https://www.mathworks.com/videos/cloud-native-development-and-model-based-approaches-for-software-defined-vehicles-1684777025301.html
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MathWorks presentation at AUTOSAR Open Conference 2023,
May 11-12, San Diego, USA

Technical Article - Migrating

Legacy B0 traditional automotive application
- compositions to AUTOSAR
Adaptive services for Software
s S Defined Vehicles
I\Sﬂ(g(/;\e,:\rchitecture : r I\ | %y -y

& X
e Services
®. o, <%
| >
D‘ D
:

20
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AUTOSAR Workflows - Importing and Exporting AUTOSAR Descriptions for Classic

and Adaptive applications

Export ARXML

4 )

AUTOSAR
Architecture

Import

Import
ARXML
4 Simulink, AUTOSAR Blockset N Embedded
- N\ /L \| Coder Application
S e N = —— SWC++
R s B =l - Code
Architecture Model Simulink AUTOSAR Adaptive Model
\- 74
ARXML
Export ARXML

21
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Let’s build the next AUTOSAR Classic based throttle position
control system using System Composer and AUTOSAR Blockset

PedalSensor -"\‘I
APP_HWIOB—» APP_HWIO APP_Percent B
Controller O Actuator ;\‘]
TPS_Primary -‘\‘J :
» APP_Percent
0 ThrCmd_Percent B} » ThrCmd_Percent  ThrCmd_HwlO B —@ThrCmd_HwlO
TPS1 HWOB—» TPS_HwWIO TPS_Primary B Monitor ‘> TPS_Percent
—:.'l- TPS_Primary J
TPS Percent w
—» TPS_Secondary
TPS_Secondary N )

TPS2_HwOB—{» TPS_HWIO  TPS_Secondary B
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|
System Composer Architecture Model Templates

Generic architecture design
— Logical, functional, physical
— Can have physical interfaces
— Can compose software and AUTOSAR nodes in the architecture

Standard Architecture
Model Template

Generic software architecture design
— Can have client/server interfaces
— Functions Editor

Software Architecture

Model Template

AUTOSAR Architecture AUTOSAR software architecture design
Model Template — ‘“is-a” software arch model

— Purpose built canvas and resources for AUTOSAR

— Out of the box support for Classic and Adaptive platforms

23



|
System Composer Architecture Model Templates

Standard Architecture
Model Template

Software Architecture

Model Template

AUTOSAR Architecture
Model Template

= We support 2 workflows
— Model AUTOSAR architectures directly

e

MNew
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SIMULATION

BEE|e

OF @/ XEE QA
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E Saue 'l Lihrany Lon Log |
SAVE
&l save Ctri+S
o Save As...
f¢; Save Referenced Files
VIEWMARK
Save Viewmark .
+]
& Capture model's current view for future access IR
EXPORT MODEL TO
@ Web View...
Export model to browser-enabled read-only view
s Protected Model...
Create an IP-protected copy of this model
El Template...
Create reusable template from this model
o Architecture Model..
= Export model to Architecture

& AUTOSAR Architecture Model...
o
Export model to AUTOSAR Architecture

- Standalone FMU...

Export model to Co-Simulation Standalone Functional Mock-up Unit {FML)

4\ MathWorks'

Let’s use this workflow

—R2019b

— Export existing architecture model to AUTOSAR

R2023b

24



Use Composition blocks to manage complexity

4\ MathWorks

OER @ >EQ|E

v
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Use Composition blocks to manage complexity

4\ MathWorks

 autosar_tpc_composition_authoring

autosar_tpc_composition_authoring »

4
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Save composition block as a separate AUTOSAR Architecture moﬂQIOQ 3b

 autosar_tpc_composition_authoring

[F-autosar_tpc_composition_authering » -

& (——

Edl

[

B - e e .

Save Compaosition as Architecture Model...
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Save composition block as a separate AUTOSAR Architecture model
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|Use “Architectural Data” section in SLDD to manage interfaces

and datatypes across architecture and algorithm models (Video)

MODELING
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4\ MathWorks
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|Use “Architectural Data” section in SLDD to manage interfaces

and datatypes across architecture and algorithm models (Video)
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Simulate AUTOSAR Architecture
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|Plug your Simulink SOA models into the AUTOSAR Adaptive
Platform

Adaptive Platform

/ Simulink models"i; AUTOSAR

Adaptive Application
Software

ARA

- .-—rcb;l"_ !
N o N Functional Clusters

o High Performance
| == = Hardware/Virtual Machine

-----
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Develop Adaptive AUTOSAR Architectures

e e T 18

MODELING

SIMULATION DEBUG

@ =

Property

Model AUTOSAR Architecture for Classic Platform

Adaptive Platform
Model AUTOSAR Architecture for Adaptive Platform

Classic Model -
Platform ~| Aadvisor ~ {{{ ~ | Inspector |
Classic Platform —

\‘_LightsManaggr

=

4\ MathWorks
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Develop Adaptive AUTOSAR Architectures

‘ LightsManager

@

Model
Advisor -

Cl

Classic

P UserlLightSwitch ] [ HeadLight C ]
Platform ~ it

Classic Platform
Model AUTOSAR Architect_ . _

Adaptive Platform
Model AUTOSAR Architecture for Adaptive Platform

T [ =
o
=l
|
AUTOSAR
™
g |

4\ MathWorks
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SIMULATION

e e T 18

MODELING

@] @ ¢ [&E"
Classic Model Property o
Platform ~| Advisor ~ f{i ~ | Inspector

Classic Platform
Model AUTOSAR Architecture for Classic Platform

Ci

Adaptive Platform
Model AUTOSAR Architecture for Adaptive Platform

T
o
2 &
IAI.I'I‘Z'EBAH
-
rm

Develop Adaptive AUTOSAR Architectures

Create Simulink Behavior...

Link to Model...

LightsManager

=

P UserLightSwitch

HeadLight C)

Create Component Model from ARXML...

Interfaces

S -

E Open Dictionary

=

R~ &[-/E |

Sear

Type

v ? interfaces.sldd

I v 4o LightService

L » success = switchLight(brightness))

4 E LightSwitch

4\ MathWorks
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Export your Adaptive Architecture Models

Configure XML Options
Configure AUTOSAR XML Options

[FJLightsystem »

Generate Code and ARXML |
Export Architecture Model

@) HeadLight . switchLight

° UserLightSwitch — ?
UserLightSwitch B UserLightSwitch m ght C Fl HeaTight o

HeadLight . switchiight @) —
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Model Adaptive AUTOSAR Architectures in System Composer

SIMULINK”

Examples

T3 Open..

Recent

LightSystem.slx
mMaxldLengthNotEnough.six
mConstants1.slx
mValueExpr.slx

mSymbDim skx

SWC1.slx
mMisra_4p6_C99DataType.skx

mExpFcnSDPToAutosar sk

Wiping_manager.prj
tpc_autosar_classic.prj
SIDynamometer.prj
SIDynamometer.prj
SIDynamometer.prj
SIDynamometer.prj

SIDynamometer.prj

G OF GF Of GF GG | o of af of o oF of af

SIDynamometer.prj

Projects

&k From Source Control ~

> My Templates

~ Simulink

c

o
Blank Model

Project from SVN

Show more

» Audio Toolbox

v AUTOSAR Blockset

Software Component

» Embedded Coder

> HDL Coder

» SimEvenis

» Simulink Desktop Real-Time

» Simulink Real-Time

=

Blank Subsystem
(22

Code Generation

Software Component (Adaptive)

N . |

Leam More

e ™ A
B 5| E] i 1 | g . 1‘@
Blank Library Praject from Git

Blank Project Folder to Project

Software Architecture

4\ MathWorks
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Generated Code and ARXML for your system ready for
deployment

@ Editor - LightsManager.cpp

) HeadLightController_autosar_adaptive
) LightsManager_autosar_adaptive

@ x | Project - sMap

| LightsManager.cpp

+ |

// Model step function
vold LightsManager::MessageTriggeredSubsystem()

{

}

ara

11core: tFuture<proxy::methods::SwitchLight: :Output> switchLightFuture;

if (UserLightSwitch) {

h

std::shared_ptr<ara: :core::Result<size_t»> resultPtr;
resultPtr = std::make_shared< ara::core::Result<size_t> >
(UserLightSwitch->lightEvent.GetNewSamples(std: imove(std::bind
(&LightsManager::UserLightSwitchlightEventReceive, this, std::
placeholders::_1)), 1U));
if ((resultPtr->ValusOrThrow() » 8U) &% HeadLight) {
std::shared_ptr<ara::core::Result<proxy::methods::SwitchLight: :Outputy>
switchLightResultPtr;

// Received new event data

// Outputs for Function Call SubSystem: *<Root:/Message Triggered Subsystem’
// FunctienCaller: '<S1»/switchLight Caller'

switchlightFuture = Headlight->switchLight(LightsManager_B.Trigger);

// End of Outputs for SubSystem: "<Root:/Message Triggered Subsystem’

// Retrieve result on method switchlLight®s completion

switchLightResultPtr = std::make_shared< ara::core::Result<proxy::methods::
SwitchLight::OQutput> >(switchLightFuture.GetResult());

// Check if method switchlLight completed successfully and returned wvalid results
if (switchLightResultPtr->Hasvalue()) {
f/ Retrieve return arguments from method switchLight's Result container
switchlLightResultPtr->Value();
¥
Iy

[ LightsManager.cpp ?’ﬂ] main.cpp = HeadLightController.cpp % |

+ |

FINCLIUOE

STADooL.

// Model step function
void HeadLightController::switchLight{uint3_t brightness, bool *success)

{

UNUSED_PARAMETER (brightness);

/4 Outputs for Function Call SubSystem: '<Root>/switchLight'
/f SignalConversion generated from: "<51»/success’
#zuccess = false;

f/ End of Outputs for SubSystem: '<Root>/switchLight’

// Model initialize function
vold HeadLightController::initialize()

{

// Initialize service provider instance - HeadLight

HeadLight = std::make_shared< skeleton::LightServiceSkeletonImpl >{ara::com
Instanceldentifier(ara::core::5tringView("1")}), ara::com
MethodCallProcessingMode: :kEventSingleThread);

// Bind HeadLightController class implementation of switchLight method to service instance’s implementation
HeadLight-»setFuncObjswitchLight (std::bind({&HeadLightController:::switchLight,

this, std::placeholders::_1, std::placeholders::_2)};
HeadLight-»0fferService();
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Generated Code and ARXML for your system ready for

deployment

HeadLi htCnntruIIer_cnmpunent.an-:mlI
[HeadLightController ExecutionManifest.anaml ]
' I

j LightsManager ExecutionManitest.araml
\LightsManager_ServicelnstanceManifest.arxml
ILightSystern_composition.arxml

fLightSystermn_datatype.arxml
\LightSystern_interface.arxml

Component Descriptions
Composition Descriptions
Data Types and Interfaces

Deployment Configurations
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Deploy Adaptive Architecture Models to Linux Targets

LINUX TARGET

Linux Runtime Manager
N,

3 4 %
LinuxTargetl
g Disconnect Create & Deploy Data
Application Package Inspector
CONNECT TO TARGET PREPARE =

" Targets Tree

RUN ON TARGET CALIBRATE |REVIEW RESULTS

Signals | Parameters

| ~ Target Computers
‘i| ¥4 LinuxTargetl e ‘
L
E— Parameters avallable to tune on target
Log Viewer
Filter by:
Timestamp ApplD CtxID Type Message
[Hessane I:l 2023/06/09 14:54:33... | LNXD LNXD info [ACTION: Launching process: HeadLightController]
ApplD | | 2023/06/09 14:54:33... | LNXD LNXD info [Process launch initiated: HeadLightController with PID: 531]
D l:l 2023/06/09 14:54:33... | LNXD LNXD info [ACTION: Launching process: LightsManager]
e 2023/06/09 14:54:33... | LNXD LNXD info [Process launch initiated: LightsManager with PID: 532]
¥ Target Configuration Sy |‘Verhose v | 2023/06/09 14:54:33... | DLTD INTM info [Application|D ‘839 registered for PID 531, Description=Logger for HeadLightController's main function.]
e e 2023/06/09 14:54:33 .. | DLTD INTM info [Application|D '535 registered for PID 532, Description=Logger for LightsManager’s main function.]
= E— 2023/06/09 14:54:51.... | LNXD LNXD info [ACTION: Terminating process: HeadLightController with PID: 531]
RSy 172.26.235.1 2023/06/09 14:5451... | DLTD INTM ifo |[Unregistered ApiD 839
Username | pdiersin 2023/06/09 14:54:59... | LNXD LNXD info [ACTION: Terminating process: LightsManager with PID: 532]
Password 2023/06/09 14:54:59... | DLTD INTM info [Unregistered AplD 5357
14 &d

4\ MathWorks
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Conclusions

Challenges
Development of SOA applications require a change of mindset

Centralize, re-architect existing applications and partition in processes
and services

Solutions

Design, simulate and generate code to deploy Signal based AUTOSAR
Classic and service-oriented AUTOSAR Adaptive in Simulink

Reuse your existing expertise and models to mitigate the risk of
migration to Adaptive applications
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