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Software Defined Vehicles

▪ Automotive industry is embracing Service-Oriented 

Architectures (SOA) as a new paradigm to design 

modern applications like Software-Defined Vehicles 

(SDVs) 

SW updates
• Frequent

• Selective

• Over-the-air

Application Services

High Performance Hardware/

Virtual Machine

Middleware

Platform Services

Higher HW abstraction:

Service-oriented architectures
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Centralization of computing and SOA

High-performance CPU/GPU

New E/E zonal architectures

Consolidation and 

centralization of computing

SW updates
• Frequent

• Selective

• Over-the-air

Application Services

High Performance Hardware/

Virtual Machine

Middleware

Platform Services

Higher HW abstraction:

Service-oriented architectures
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Modeling and Automation for Software Defined Vehicle Applications

Model based design is the Systematic use 
models throughout your development 

process
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Build with..
Models that help 

you work at the right 

level of abstractionAbstraction 

of..

Smart CARS call for smart ways to write code

Service-Oriented

Architecture

Software Defined Vehicle

Control Planning Perception

Simulate 

with..
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Agenda

▪ From Architecture to Deployment

– Developing SOA Applications 

– Deploying to Linux Targets & Virtual ECUs on Cloud

▪ Scaling For Production : CI/CD and Model DevOps 

– Case Study : Cruise Control System
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SOA – What’s it all about?

▪ SOA consists of services that communicate across different 

platforms over messages.

▪ SOA provides flexibility to add, remove, or update components 

without impacting the entire, typically large, software system

▪ SOA is used by multiple industrial standards including:

– AUTOSAR Adaptive Platform

– DDS (Data Distribution Services)

– ROS (Robot Operating System)
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SOC (Service Oriented Communication)

Node1 Node2

Node3 Node4

signal-oriented communication

- send data independent of needs

- high bus load

- not efficient

Node1 Node2

Node3 Node4

service-oriented communication

- send data dependent of needs

- low bus load

- more efficient

responserequestresponserequest
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Service-Oriented Architecture (SOA) Design

Describe SOA with 

System Composer Implement detailed 

components with 

Simulink

Generate code with 

Embedded Coder
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Define Services
Identify and 

Analyze 
Services

Define 
Services and 
its interfaces

Define 
Service 

Behavior

Implement 
and deploy 
Services

Highway lane following monolithic application is broken down to SOA based services 
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Define Service Interfaces 

▪ A service interface 

is component of 

service boundary 

that separates the 

service from other 

services and the 

outside world

Reference - https://chrisrichardson.net/post/refactoring/2020/08/21/ten-principles-for-refactoring-to-microservices.html

Identify and 
Analyze 
Services

Define 
Services and 
its interfaces

Define 
Service 

Behavior

Implement 
and deploy 
Services

Configuring 

Service 

Interfaces

https://chrisrichardson.net/post/refactoring/2020/08/21/ten-principles-for-refactoring-to-microservices.html
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Define Service Stereotypes

▪ Stereotypes provide 
service components with 
a common set of 
properties.

▪ It can help in identifying 

the boundaries of the 

services and ensures 

that each service has a 

clear and distinct 

responsibility.

Identify and 
Analyze 
Services

Define 
Services and 
its interfaces

Define 
Service 

Behavior

Implement 
and deploy 
Services

Adding 

Stereotypes to 

the Services 
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Define Service Behavior

▪ Each service 

should have a 

well-defined 

inputs, outputs, 

and behavior.

Identify and 
Analyze 
Services

Define 
Services and 
its interfaces

Define 
Service 

Behavior

Implement 
and deploy 
Services
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KPIT- Service-oriented arbitration of ADAS features with Model-Based 

Design

Link to the talk

https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/images/events/automotive/de-mac-2023/service-oriented-arbitration-of-adas-features-with-model-based-design.pdf
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Middleware Communication Interfaces in Simulink

Categories Simulink Construct

C
o
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m
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n

ic
a

ti
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 I
n

te
rf

a
c

e
s

Shared 

Memory

Send/

Write

Receive/

Read

Messaging

Send/

Publish

Receive/

Subscribe

Polling

Event-Driven

Remote 

Procedure 

Call

Client

Synchronous

Asynchronous

Server
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Implement and Deploy Services

▪ Services can 

be 

implemented 

based on 

AUTOSAR 

Adaptive 

platform using 

Model-Based-

Design

Identify and 
Analyze 
Services

Define 
Services and 
its interfaces

Define 
Service 

Behavior

Implement 
and deploy 
Services
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Implement and Deploy Services

▪ Each service need to be deployed as a 

standalone application, with its own 

artifacts including

– Code

▪ C++ Code

▪ ARA Stub 

– AUTOSAR interface descriptions

▪ Machine Manifest

▪ Execution Manifest

▪ Service Instance Manifest

Identify and 
Analyze 
Services

Define 
Services and 
its interfaces

Define 
Service 

Behavior

Implement 
and deploy 
Services
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Deploy, Control, and Instrument

Software Applications on Linux Platform (Run-Time Environment)

▪ Target Linux system and Docker 

installation is provided by the 

customer

▪ Docker container will be installed 

by Support Package on target 

computer
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Support Package for Deployment
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▪ Create application package from 

AUTOSAR Adaptive Architecture model.

▪ Deploy AUTOSAR Adaptive Architecture 

model on Linux target.

▪ Start/Stop executables of AUTOSAR 

Adaptive Architecture application on Linux 

target.

▪ Deploy AUTOSAR Adaptive 

Architecture models using Linux 

Support Package

Deployment support for AUTOSAR Adaptive Architecture models
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Virtual ECUs deployment and testing

Challenge: 

▪ Ensure application software can integrate into 

a variety of environments, depending on 

hardware architecture & middleware

▪ Verify model based AUTOSAR applications on 

‘road ready’ middleware in the cloud without 

target hardware

Solution:

Virtualize

Scale

▪ Customize application code interface for 

specific middleware/hardware
– Classic AUTOSAR

– Adaptive AUTOSAR / DDS / ROS

▪ Integrate application code with underlying 

middleware to deploy within virtual ECUs

▪ Run virtual ECUs in a cloud native 

environment and verify the vECU  is 

equivalent to MiL/SiL tests

Identical results seen between MiL and vECU testing

Some IP

Synopsys Silver

Simulink Test
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Continuous Integration

Submit
Developers &

Test Authors

Development

Verify

Continuous

Integration

Version

Control

Monitor               Review

T
ri

g
g

e
r

Continuous Integration (CI) originated as a software development process in which 

developers integrate their code into a shared repository on a regular basis. 

Each commit into the shared repository is then verified by an automated build and test.
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Continuous Integration Workflow with MATLAB and Simulink

MATLAB

Project

Commit and 

push changes 

to Git

Jenkins run 

tests

GitLab triggers 

Jenkins

Tests   

pass?

Build, generate 

code and 

package

Develop Test
Notify and 

Deploy
Build

CI ServerSource Control Server

• Run tests:

✓ MATLAB Unit Tests

✓ Simulink Test

• Compile MEX

• Generate Code 

• Package (Toolboxes, Apps)

• Publish reports

• Email Notification

• Publish to Server

• Hardware
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Case Study: Cruise Control System

A Cruise Control Product must meet a new Driver Awareness requirement:

Is the driver aware? Modify logic and tests

If the “Driver Awareness” signal is false, then:      1. Cruise control function shall be disabled.  

                                                                                     2. And Enable shall be prevented.

Learn More: The MBD Artifacts and YAML files for this case study can be found here

Production

https://www.mathworks.com/company/newsletters/articles/continuous-integration-for-verification-of-simulink-models-using-gitlab.html
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Case Study: Plan

▪ The Driver Awareness feature must be released within weeks

▪ Fortunately, the process had been automated → speed and quality

▪ Team leader, Source Control, & Integration

▪ Controls Engineer 1 for Prevent Enable

▪ Controls Engineer 2 for Disable

▪ Test Engineer

▪ A team is formed
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Innovate and find issues early

By iterating locally

Integrate

& Review

Change

Models

Test 

Units

Establish

Project

Merge

     Branches

   & Test

Models Tests

Requirements

Clone

And Branch

Takeaway #1: Iterate locally to innovate and prequalify

General Example
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https://www.mathworks.com/help/matlab/source-control.html

Takeaway #1: Iterate locally to innovate and prequalify

Cruise Control Case Study: Clone project and create branches

Establish

Project

Requirements

Clone

And Branch

Clone from

GitHub

https://www.mathworks.com/help/matlab/source-control.html
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Review Programmatic Operations

I will run Sections of this script 

To perform most operations 

programmatically.
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Establish

Project

Change

Models

Prevent_
Enable

Disable

Requirements

Clone

And Branch

Learn More: Simulink Model Management and Architecture | Highspot

Takeaway #1: Iterate locally to innovate and prequalify

Cruise Control Case Study: Change Models

https://mathworks.highspot.com/items/5fa328aebf6c9428b086c7a5?lfrm=rhp.53
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Static Analysis help assure structural integrity

Establish

Project

Test Units

Prevent_
Enable

Disable

Requirements

Clone

And Branch

Tests

Change

Models

Use Simulink Test to help assure function 

Commit the work

Cruise Control Case Study: Test Units

Takeaway #1: Iterate locally to innovate and prequalify

Resources: Simulink Test (mathworks.com)        

https://www.mathworks.com/products/simulink-test.html
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Static Analysis help assure structural integrity

Establish

Project

Test Units

Prevent_
Enable

Disable

Requirements

Clone

And Branch

Tests

Change

Models

Dynamic Tests help assure function 

Commit the work

Cruise Control Case Study: Static Analysis

Takeaway #1: Iterate locally to innovate and prequalify

Model Advisor - MATLAB & Simulink (mathworks.com)

https://www.mathworks.com/help/simulink/slref/model-advisor.html
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Static Analysis help assure structural integrity

Establish

Project

Test Units

Prevent_
Enable

Disable

Requirements

Clone

And Branch

Tests

Change

Models

Dynamic Tests help assure function 

Commit the work

Cruise Control Case Study: Static Analysis

Takeaway #1: Iterate locally to innovate and prequalify

Model Advisor - MATLAB & Simulink (mathworks.com)

https://www.mathworks.com/help/simulink/slref/model-advisor.html
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Establish

Project

Test Units

Same process

But not shown

Change

Models

Prevent_
EnableRequirements

Clone

And Branch

Tests

Disable Tests

Takeaway #1: Iterate locally to innovate and prequalify

Cruise Control Case Study: Complete the Disable branch
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Innovate and find issues early

by iterating locally

Establish

Project

Test Units

Prevent_
EnableRequirements

Clone

And Branch

Tests

Change

Models

Disable Tests

Merge

     Branches

   & Test

Integrate

and Review

Takeaway #1: Iterate locally to innovate and prequalify

Cruise Control Case Study: Integrate and Review
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Push to

GitLab

Establish

Project

Test Units

Prevent_
EnableRequirements

Clone

And Branch

Tests

Change

Models

Disable Tests

Merge

     Branches

   & Test

Integrate

& Review

Run CI

Pipelines

Run

CI Pipeline

Learn More: Continuous Integration - MATLAB & Simulink (mathworks.com)

Takeaway #2: Extend Model-Based Design Workflows into CI Platforms

Cruise Control Case Study: Run CI Pipeline

4_Pipeline_TestCodeGen/4_Pipeline/4_Pipeline.mp4
https://www.mathworks.com/solutions/continuous-integration.html
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Review The Code

• Pipeline Outputs are deposited into the Gitlab-Runner Directory

• Consider the CruiseControlMode.c file

• Open it with an Editor

• See that the Driver Awareness change is in place
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Avoided pipeline failures

with local iterations

Establish

Project

Test Units

Prevent_
EnableRequirements

Clone

And Branch

Tests

Change

Models

Disable Tests

Merge

     Branches

   & Test

Integrate

& Review

Run CI

Pipelines

Run

CI Pipeline

Generate

Reports

Quality

Assurance

Approval

Takeaway #2: Extend Model-Based Design Workflows into CI Platforms

Cruise Control Case Study: Approve Release
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Source
Control

CI/CD 
System

Pull Changes

Submit 
Changes

Pipeline
        Execution

Team

Interactive
          Development

Setup
Performance
Results Integration
Debuggability

CI Debugging & Prequal

Monitor/Debug 
Job Status & Results

Setup Deploy

Check 

Models

Check

Design

Errors

MIL 

Tests

Gen 

Code

Setup Deploy

Check 

Models

Check

Design

Errors

MIL 

Tests

Gen 

Code

CI/CD Automation Support Package

Prebuilt & Tailorable 

MBD Pipeline

Check 

Model MIL Test

Pipeline 

Generation and

Build System

Integrated CI 

Prequal

(Process Advisor)

Popular CI 

System 

Support

…

Simplifying Adoption and Optimizing CI/CD for Model-Based Design
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1) Simple Setup

✓ Prebuilt Model-Based 

Design pipeline

✓ Built-in Model-Based Design 

tool support

✓ Tailorable

2) Desktop Integration with

Process Advisor app

✓ Local prequalification

✓ Local Debugging

3) 3rd Party CI Integration

✓ Jenkins/Gitlab YAML

✓ Optimized Model-Based 

Design Builds

✓ CI Results Integration

August

CI/CD Automation for Simulink Check Support Package

Generate 
Reports

Static 
Code 

Analysis

Generate 
Code

Model 
Test

Static 
Model 

Analysis
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Integration with common CI Systems

▪ Automated Pipeline Generation

▪ Publish Results

▪ Debug on Desktop

20 2 3

10 1 1

2

3 2

5 1

15 4

15

15 1

15 1

93 7 15

60 1 5
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A few Continuous Integration success stories in Automotive

A123 link: Similar case study, but uses Jenkins

HL Klemove link: Focus on Polyspace

https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/company/events/conferences/automotive-engineering-conference/2020/continuous-integration-within-a-model-based-workflow.pdf
https://www.mathworks.com/company/user_stories/hl-klemove-improves-code-quality-for-advanced-driver-assistance-systems-with-polyspace-bug-finder.html?s_tid=srchtitle_ci_1
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Summary

OPERATE

DEPLOY

MONITORTEST

DESIGN

BUILD

Development Operations

Engineering, Data Science, IT, and 
Operations teams must collaborate to 
ensure success

MATLAB & Simulink can be integrated into 
your development environment and leverage 
data from a variety of data sources

MATLAB & Simulink models can be deployed into a 
variety of platforms: embedded, edge, IT/OT, and 
cloud 

Model DevOps

Learn more:  Continuous Integration for Model-Based Design

https://www.mathworks.com/products/ci-cd-automation.html
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Modeling and Automation for Software Defined Vehicle Applications

Model based design is the Systematic use 
models throughout your development 

process
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© 2023 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. 

See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may 
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