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What we are going to discuss:
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Mega Trends Driving the Evolution of Software-Defined Vehicles

Electrification

o i

AD/ADAS

Automotive Industry is undergoing a profound
transformation driven by convergence of various
trends:

* Electric Vehicles (EVs) and Electrification
« Fundamental transformation with advancements in

battery technology.

« Connected Cars and the IoT Revolution
« Safety, Predictive maintenance, and OTA updates.

* 5G technology

* Autonomous Driving and ADAS: Driving Smarter, Safer
* Investments in advanced sensor technology, Al and ML to
improve safety and reliability.
* Enormous data generated from sensors and camera

» Sophisticated SW architecture.
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"OEMSs lose USE900m annually in the US and Europe from physical recalls, and the
number of wvehicle recalls for software fixes has doubled in the last two years.”

- Esync Alliance




Under the hood of a Software Defined Vehicle
Changing architectures: Consolidation of ECUs and high-performance compute

INCREASING SOFTWARE VALUE-ADD

g
" 4

Distributed E/E architecture
(cross-domain connection)

CONVENTIONAL
(2010+)

Source: Deloitte

Cloud connectivity
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Domain-centralised Ione-based Vehicle-centralised
E/E architectures E/E architectures E/E architectures

CURRENT STATE OF THE ART FUTURE
(2020+) (2025+)
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Conventional: Constrained by memory, Low
speed communication, High development
effort, Lack of scalability and reusability

Software Defined Vehicle: Vehicle
computer (high compute) and zonal
computers, Combines domains, Scalable,
reusable, High-speed ethernet
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Under the hood of a Software Defined Vehicle
Hardware and software decoupling: middleware

Application Services Q = Conventional: Hardware and software
coupled

= Software Defined Vehicle: Hardware
completely abstracted. Efficient

Basic Services 7 .
communication from software functions

Middleware

High Performance
Hardware/Virtual Machine
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Under the hood of a Software Defined Vehicle
Changing application software: Signal to service orientation

APPLICATION SERVICES APPLICATION SERVICES - Conventional: Static architecture, signal

|:| |:| |:| |:| |:| |:| based communication
= Software Defined Vehicle: Service-Oriented

Architecture is a software design principle
PLATFORM SERVICES PLATFORM SERVICES that promotes modular, |OOSG|y coupled,
and interoperable services.

BASIC SERVICES BASIC SERVICES

Service-oriented communication using messages.
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Under the hood of a Software Defined Vehicle
Vehicle can communicate to the cloud

 Comnet i Dt & s = - Conventional; V-Cycle Development
EEE Lk foeccccccessescccscsccscccscccccces o & —
El - - L 4 - ] .
s ot = = - Software Defined Vehicle: Faster cycles of
: T T development using DevOps. Features on
b 4 .
T - AUTOMATED AND CONTINUOUS ' = = =+ S S demand
System Simulation & Virtual Integration ' Application
"Hl | A Middleware
: Alg hm{ % H ] zo:d:':‘. m::r
: Cod ' """""" ’ - :Zm | h. 4 DEPLOY
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Development RELEASE Operations OPERATE

FEEDBACK

BUILD
TEST
MONITOR
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Developing SW for Modern Venhicles i.e., SDVs

Application

Application

ra
( Middleware “ »

wY)

LINUX

Abstraction

il

Monolithic Application [ J Drivers / BSP

Device and Peripheral Drivers

HSP/VMs

Monolithic vs. Service Oriented App (SOA) _
Bare Metal vs. Linux Target

— &
;m‘ﬁ;’; 4 \ Reports
ro [')JC, ion C:\>matlab -r mybuild.m » ,‘ :_—_;’ N HE <
ardware ‘ S;z;fsif; ; co 5:‘:..:: Build Artifacts
Traditional vs. Virtual Validation Batch vs. CI/CD Automation
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Service Oriented Communication (SOC)

signal-oriented communication

- send data independent of needs
- high bus load

- not efficient

SOA Application Communication

METHOD REQUEST/RESPONSE EVENT
CUENT SERVER CLENT SERVER
<> <> <> <>

METHOD FIRE/FORGET FIELD
CUENT SERVER CLENT SERVER
<> <> <> <>

1 1
\

y

ata

%
—

SOA Application Interface Patterns
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Service Oriented Architecture (SOA) — How?

« SOA is used by multiple industrial standard middleware
iIncluding:

Application
AUTSOSAR
— AUTOSAR Adaptive Platform ’
7~ A
— DDS (Data Distribution Services) - LINUX
Drivers / BSP /
cee Hypervisor

— ROS (Robot Operating System) 53 R OS

SOC/HPCs

13
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AUTOSAR Layered Software Architecture

i Adaptive Adaptive Adaptive Adaptive 5
! Application Application Application Application : SelTEUE
| (SW-C) (SW-C) (SW-C) (SW-C) ;

| '

AUTOSAR Run-time for Adaptive (ARA)

Service Service

Adaptive AUTOSAR Services

Basic Services
Application

Adaptive AUTOSAR
Stack

Hardware

LINUX

Drivers / BSP /
Hypervisor

SOC/HPCs

14
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Automated Driving Algorithm Development

Multidisciplinary Skills

Algorithms

Perception Sensor Fusion
r

£ o 'l ) | -
" e izo)
300 ¥4 14
o

——
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Key subsystems of an automated driving system

16



MathWorks AUTOMOTIVE CONFERENCE 2024

Key subsystems of an automated driving system

Image Coordinates Vehicle Coordinates
80 ‘ ® radar
lane
@
60 |
®
E ol
% ao |
40 » b
20t stria
g r
O s A
20 0 -20
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Key subsystems of an automated driving system

Perception

Fused tracks

Sensor Fusion |

 Perception
'
sensor Fusion
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Key subsystems of an automated driving system

Perception

19
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Key subsystems of an automated driving system

Acceleration

20
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Key subsystems of an automated driving system

21



Highway Lane Following

Environment

| Highway Lane Following Test Bench '

(Sensors)
Set Velocity
{mis)
—» Ego
Sy Time
Lane Bound
Actors

Simulation 3D Scenario

Metrics Assessment
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: .. : Vehicle :
Algorithms Decision logic Controller _
(perception, sensor fusion, planning) (Actuation commands) Dyn amics Lane Following Status
Set Velocity
d N Ego Velocity (m/s) In Lane Time Gap
LaneMarkarCemalor - LaneFollowingDecisionLogic o
Steering Angle
P F L
[768x1034x3] i a'?::e | detedtions Lane Center P Lane Center -
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Frame Vehicles Longstudinal Velocity
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\ U@ Z = } Lateral Velocty —»—]
Acceleration
Vehicle Detector o)
P Tracks
Vehicle Dynamics
4 : N
I—b Vision ForwardVehicleSensorusion MIO Track Index =] ] Longitudinal Velocity
A
| Radar Confirmed Tracks e N W A N o4
- Lane Following Controller " i
e ‘ Lane Following Decision  Logic - Longitudinal Velocity
D va Detected Lanes

Forward Vehicle Sensor Fusion

lane boundaries
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Metrics

Vehicle Bounding Boxes

Detected Tracks

Metrics Assessment

Copyright 2019-2023 The MathWorks, Inc.
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Automated Driving Algorithm Development

Multidisciplinary Skills Deployment

Algorithms Software

Sensor Fu

Perception

Code

C/C++
GPU HDL

Architectures

AUTOSAR
ROS DDS

23
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Service-Oriented Architecture (SOA) Design

&
LaneGuidanceArch
Run
LaneGuidanceMgr —
LaneGuidanceAppE| I'\.:.,fj
.y - B o F:un .) RadarData . List
T class RadarDataT Build
objects = List(res,sigma) {
public:
virtual veoid List{real_T, real_T, real_T *)
. . 1
Describe SOA with }
System Composer Implement detailed Virtual —Aadaroatar)
components with L
Simulink

Generate code with
Embedded Coder
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How to decompose traditional application software compositions into services
for Software Defined Vehicles applications?

Identify and Analyze

Services

untitled
® |[Funtitled
P Lanea OA * - Simulink prerelease use
SIMULATION DEBUG MODELING FORMAT
Q untitled |
op S Open ~ s b= T o | 100 Al (w1 O vz e 167
& LE] - .
Hsae - « |[Normal « 1| % LaneApplicationSOA * - Simulink preselease use
New Library Log
[« - & print - Browser Events o Fast Restart
FILE IBRARY S —_— Al
= Taols x4 oy ¢ (] ) & &= &
LaneApplicationS0A Functions Profile Refe Varia “lI's
Editor o She . e
& | @ [Flwneapplicationsoa ¥ 2 o MODELING
3 = 4
= P Tools = - = &
o U o= =
e LaneApplicationSOA — > v = t’ = @
ilm ) - B - Property Profile  Apply Architecture  Analysis  Allocation  Model
ila LaneGuidanceApp DetectionsApp & | @ [RstaneApplicationSOA b Inspector Editor v Stereotypes Diagram  Views » Model v FEditor v | Settings + . .
B 3 AL £ ESIGN PROFILE COMPONEN DIAGRAM £TUP MPIL ~
] £|@ ST
=] 3z - radarCirl ¢ a [Z] LaneApplicationSOA
calibrate € @ calibrate 2 [+ ] 3 LaneApplicationSOA = Property Inspector ® x
[+ - visionCtrl € . z — -
= HE S o Dlancappicaionsons nechre
| =) ] § Architecture  Info
) 3| Q| [Duvesan
1 [ o v Main
=N =] - § o Radar E4c'n) Name LaneApplicationSOA
G H broiS
- o 5
m [ LaneGuidanceApp DetectionsApp| £ S Come e o oo
— Stereotype Add..
=¥,
e = @ Greovareerry 0" e G5 o Parameters st :
& - & <@ - || & - & ~||Search Q| Dictionary View 3 calibrate ® calibrate &
= mimcrt
@ SIS = AUUSIURLS] 1 x| senCH Vision Aol
1 <Vean>
» status = Calibrate(opts) =
@ “FN + {= Callbrations L} |
= | rp—
! [
Fundtions Editor -
[
» e
Functions Editor  Interfaces -
Eoad 13 "
» E]
Interfaces  Functions Editor  Diagnostic Viewes
Ready 77% FixedStepDiscrete
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KPIT- Service-oriented arbitration of ADAS features with Model-Based Design

Advantages over conventional architecture

« Scalability : All components are designed to communicate using services resulting in ease
D for future enhancement. New software components can be designed and incorporated

without affecting existing compoffents

* Re-usability : Services can be easily discovered and used when a new feature is
deployed. A newly developed feature can depend on services provided by existing d

software components without updating or redeploying the entire software.

* Bandwidth and memory requirement for OTA is less as only specific software

§ E components need to update.
i ftware components between cross-domain. Se

could be discovered and used across different automotive domains.

ces
*+ Running components in Shadow Mode in order to test newly deployed version Jll

of a software component without affecting the original behaviour or a feature. mlimlln

KPIT

ACCActive, pEEAiRee Link to the talk

Description: -

- Traffic Vehicle (TV1) is cruising on the road with a little lower speed than ego vehicle(EV)(lower relative speed)
- Ego Vehicle enters follow mode and decelerates to match TV1 speed
- After a while, TV1 performs sudden deceleration. Current TTC is less than the threshold TTC for activation of emergency

feature. Arbitration accepts the maneuver request of AEB.

KPIT o

26
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Implement and Deploy Services “
Services

Code - 1 ® X
Radar.cpp v Q Search
- Each service need to be deployed as a L  I—_—
‘ Radar.cpp
- - - - ! Radar.h
standalone application, with its own /| o prvete
. . . . Radar_types.h
artifacts including
; rt_defines.h B sian
— COde / rtwtypesh W17:00:21 2
= C++ Code j .‘I;édAé‘r;é.xécutionManifest.arxml
/ Radar_ServicelnstanceManifest.arxml il (Windows6:
" ARA StUb / Radar_component.arxm| ) e
. . . / Radar_datatype.arxml
- AUTOSAR Interface descr|pt|0ns Radar_interface.arxmi
- Machine Manifest B i =
= Execution Manifest Fnclude Trivtypes.”
= Service Instance Manifest 1" Wedel =tem Funpeion
void Radar::Adjust(real T opts, real T *status)
= {
UNUSED_PARAMETER(opts);
// Outputs for Function Call SubSystem: '<Root>/Adjust
// SignalConversion generated from: '<S1>/status’
29 *status = 0.0;
// End of Outputs for SubSystem: '<Root>/Adjust’
..tiveArch\Radar_autosar_adaptive\Radar.cpp Ln 4 Col 28
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Deploy, Control, and Instrument Software Applications on Linux Platform (Run-

Time Environment)

HeadLightControlSystem
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Adaptive ERT (POSIX)

OutdoorLightSensor PEE HeadLightController PEE HeadLightActuator
< OutdoorLightSensor > _

< HeadLightCantrallar > < HeadLightActuatar >

SensorData » P SensorData HeadLight € ® HeadLight

Copyright 2023 The MathWorks, Inc

Applications Applications Applications
J
matlab-ecoder-linux-runtime container
dlt-daemon (3p)
linux-daemon ara::com ara::log
boost libraries ara::per ara::core
Ubuntu OS build-essential, CMake
Docker Engine

Target
Computer

¥

4\ Linux Runtime Manager

LINUX TARGET
slvPi Disconnec t Create & Deploy Data
Application Package Inspectar
CONNECT TO TARGET PREPARE RUN ON TARGET CALIBRATE | REVIEW RESULTS
Targets Tree 8 Signals
= Target Computers
53203 Content:
|E‘ - 82 savPi
— ~ 22 HeadLightControlSystem Sigrals ¢
O HeadLightActuator(5832) Name

0 HeadLightController(3031)
0 OutdoorLightSensor(2586)

&, sdvPit
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Decompose the Monolithic Applications to SOA

To decompose monolithic
application components to
services we need to :

= |dentify the different
components, functionalities,
and dependencies

SWC3

Monolithic Application

S —

= Understand component
Interactions and execution
order of the components

29



Decompose the Monolithic Application

Legacy

Model > : \\

I ~
SOA Architecture P 7
Model o 2

Y 1 LD \
> RN \
vlq""’h.v ) ~ ‘: '::f" \
. L.,,:_Lrﬂ' \ 5 S, = N =
\
R~
= q =
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1. Identify Service Components

2. Deploy each as service

executables
Services
N
=
N

30
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Exploring Virtualization: The MathWorks Perspective

VIRTUAL VEHICLE
/ \ Sensors Controllers Powertrain 3rd Party Tools
) E[ il e T _
& - | L2l Ho
Environmen t Driws FMI/FMU
| I -
Virtualization in Virtualization of Virtualization of complex
the cloud ECU Scenarios

31
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Use case of virtualization on the cloud

Elektrobit
"SpOft"'" Mode Ad;i/ptllvlell[\_l({ll(jsal
Use case: Enable a new feature—Sport + mode— ATrgDemand A nring on 2
A RegenOperation ‘ POSIX

containerized
environment on
AWS Graviton EC2

that reduces the time taken by vehicle to - prose
accelerate from 0 to 60 mph (100 kph) per hour by integration in
10 percent.

Simulink

Elektrobit Classic
Autosar ECU
Machine- Infotainment Vehicle Control  Batterv Management Level 3 emulation
Image (AMI) System (IVI) Unit (HPC) Embedded Edge and simulation with

M i i Synopsys Silver

Automotive-
Native Amazon

< } MathWorks: AWS For AUTOMOTIVE
N —7

aws

€8 Elektrobit  SYNOPSYS

L
+14 Elektrobit
EB corbos Linux
Elektrobit

Amazon EC2 Amazon EC2
[Arm, AWS Graviton] [x86]
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Virtualization

AUTOSAR Classic Platform

Classic Embedded Controller

Application Software
(ASW)

Low Level

oS
Drivers

Hardware (Microcontroller)

Hardware (Microcontroller)

—Q_“O)—be
Vehicle/ Component Models

[OR]
Real Components/Vehicle

Application Software (ASW)

Runtime Environment (RTE)

POSIX
PSE51/
C++ STL

uC Abstraction

Virtualizing the ECU —
VirtualECU

Virtualizing complex
models - Virtual Vehicle
& Components

AUTOSAR Runtime for Adaptive Application (ARA)
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AUTOSAR Adaptive Platform [HPC Controllers]

Application Software (ASW) > Cloud Services
(O]

Platform
Services
Functional
Custers

Platform Foundation
Functional Custers

)

Virtual Machine / Hardware

\

Supporting Cloud
Workflows for
Virtualization

~©

_/

33



Virtualization — Virtual ECU [VECU]

Stubs Simulated Production Production
(if necessary) Middleware Middleware Middleware

1
1

1

1

1

1

1

1

1

1

1

1

: _ Stubs Simulated Production OS/
H (if necessary) Drivers / OS Drivers
1

1

1

1

1

1

1

1

1

1

1

1

1

Simulated
Hardware

l-----------l---T-

- Co-Exist with multiple integration platforms

- bring multiple virtual ECUs as FMUs (or) Model (or) C/C++ Code.
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Model-Based Design for
traditional embedded
development to SOA workflow
for SDV, with Automated Code
Generation

4@ NVIDIA.
w mil E

~
T 1 Functional
— TN ves” Emiz.0

Interface

34



MathWorks AUTOMOTIVE CONFERENCE 2024

General Motors Cuts Testing Time in Half by Simulating E-Drive System

Virtual ECU Overview

Level 0
Controller Model
MIL

Simulink model
SWC Build

4 Simulation Tasks
and Test Cases

Level 2
Simulation BSW
Non-target Binary

GCC Windows Executable '_:::—_ .
Level 1 Linux Executable ——
Application Level l=====
SWC Build LT

+ Unit Test Framework

]

Level 3

Production BSW Level 4
Application SW Target Binary
Real-Time Environment yH|L

Basic SW GM Levels: 4.x
Non-target Binary

GCC Windows Executable ([(mmm

Linux Executable

vecu fmi

ECU Code

(App code + BSW + RTE)

Compiled as FMU

Simulated MCAL
(Bua drivera, HWIO)

Functional Mock Up
Interface API (FMI)

Dala Exchange
FMI Simulator

Closeness to reality

"The...major win for us is having
Simscape plant models give us the
right mix of the fidelity that we
need to do the calibration work."

— Srinivas Naveen, GM

Key OQutcomes

* Simulink enables running high-fidelity
models for software and controls

* Simscape allows engineers to calibrate
models before applying them to physical
hardware

» Models developed with MATLAB® and
Simulink enable researchers to cut
physical dynamometer testing time in
half while running near-real-time
simulations using a standard CPU

Link
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Virtual Validation- Requirements

Virtual Worlds

Scenes [ Sensors J

J
Scenarios Dynamics J

36
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Creating scenarios from real world data

Sensor data Virtual Scenario

L Al - 2
O g

Object List

Lanes
37



MathWorks AUTOMOTIVE CONFERENCE 2024

Standard based testing given certification requirements

Euro NCAP Scenarios

(CCFhol)

Road Type

Contraller Test Speed (km/h) GVT @ 30 km/h GVT @ 45 km/h GVT @ 60 km/h

Car-To-Car Rear Stationary (CCRs) Straight 75 i’ ] ]
Car-To-Car Rear Moving (CCRm) Straight 55 1 1

1 1
Car-To-Car Rear Braking (CCRb) Straight 4 AEB Vehicl O

Controll enicie |je= ario

Car-to-Car Front Tum-Across-Path (CCFtap) Junction 9 ontrolier Scoring method for CCFtap:
Car-to-Car Crossing Straight Crossing Path Junction 25 P nterpretation
(CCCSC p) No Points for Collision
Car-to-Car Front Head-On Straight (CCFhos) Straight 2 et e tmans SeenroaEnenmar ! Full Ponts or Collsion Avoidznce
Car-to-Car Front Head-On Lane change Straight 2

Venicle Dashboard Euro NCAP Safety Assist AEB CCFtap Report

10 15
P ————"y

5 / 20 98 68 -38 08 23

| Driving Simulation Test Bench I o 25, Ego Acceleration (m/s*2)

Obtained Score
1

Test Type

o
Safety Assist

Collision Avoidance

Ego Velocity (mis)

Car-to-Car Front turn across path (CCFtap) scenarios: Collision Avoidance Status

Copyright 2023-2024 The MathWorks, Inc.

Scenario Test manager
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Exporting from RoadRunner Scenarios to ASAM OpenSCENARIO for multiple
driving simulators

TSR TP TRV TR
RoadRunner Scenario ez ped
Pl ) ) = s

sy ‘&
'.-t_tﬁq" ct-u\ il’

ModeDesk - (MACdemo]

I\ MathWorks

oment Moo Pottng Testng  Atmation

xported as 2 ﬁ O @ T

ASAM OpenSCENARIO i notng o’
- X| @lentypage M2 ACdemo.xosc

i o0 2501 &

) IPG CarMaker ; 4 dSPACE Aurelion
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Model-Based Design for Automated Driving
Systematic use of models throughout the development process

Verified and

Requirements Validation system

link/ MA
ements T

ADAS/ AD features (AEB, LKA, ACC, ...)
Real world scenarios, Euro NCAP

Hardware in Loop

Software in Loop

System or software

Architecture Model in Loop

and Test

Perception, Navigation,
Sensor fusion, Controls

Detailed design Unit Testing

Implementation

40
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Goals of DevOps and Software Factory

DDDDDD
DDDDDD

JQ ).1

FEEDBACK

DDDDDDD

Unites agile development with reliable operations

Goal: Reduce the time between committing a change
and placing it in production, while ensuring high quality

DDDDDD
DDDDDD

Software Factory (/‘ *]

FEEDBACK

&— | h - / o
wm— &— @ —_— . \ @ — Release
Developer — A8 S 4 &=

Models/ Unit Review Check-in Version Release Integration  Quality
Code Test Control Build Test Gate
System

Goal: Repeatability, Faster delivery, Higher quality

41
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DevOps building blocks for Embedded Production SW

Lifecycle Mgmt. Data Deployment
. Data stores ‘ 1) ®reod e Cloud
XJIRA. Files “Zr Parquet RS o Edge
Q}glt GitHub Industrial /O dgeccwe @ om - 1op/p » Embedded systems

l Contai nerlzatlon
DEPLOY !
kubernetes

Operations g OPERATE
u Data Platforms
//_
(s &,_ ‘(DOMINO

DEVELOP

Development

’ MONITOR < databricks
Continuous Integratlon Data Dashboards
MOdel' and Files < Parquet R f+i++ +ab I cau Qlik
Code-based V&V 0 o e pipen V Industial O Mo @ o 1p/p
\ / o Streaming data g kafka - -h Power Bl @spotfire’
circleci ~ trerer s
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Continuous Integration for embedded production SW

Lifecycle Mgmt. Data Deployment
. Data stores ‘ 1) ®reod e Cloud
XJIRA. Files “rParquet  ZRE L4 Edge
Q}glt GitHub Industrial /O dgeccwe @ om - 1op/p » Embedded systems

l Containerization
DEPLOY I

" v " kubernetes

Operations g OPERATE
Data Platforms
% S pomino

=/

DEVELOP

Development

&

’ MONITOR < databricks
Continuous Integration Data Dashboards
|V|Od6|- and f :\ Files @ Parquet BARE ’Igrf tableau Qlik Q
COde'based V&V "“ o Azure Pipelines (D) w Industnal |/O Wtocnoe il G TCP/IP
° ..
\ J ) . . Streaming data & kafka - m Power Bl @Spgtfire
circleci o
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Automated testing and codegen via Continuous Integration

Ch al | en g e : E% @' kif ¥ :ih & Remote [ Submodules
- Enable multiple engineers to simultaneously develop otz L e 2 @ st
features in parallel, but can share and sync with the ! Oz b
: bBattMgmt
Other CO”eagueS All| Project (80) | Modified (1) o o
- - . . - = E:\Ilvalgnl\:cdals | g@
= Test application code while still in development, Componentoces | main o R
thereby creating a “fix-as-you-go” workflow ’
. . o —0—
= Automate large scale testing and code generation bveu Y ERN v E
when development branches are merged to Commit changed models/tests to git using Projects

main/release branch

[+]
&

£

Solution:
ol A
Componentize models and place them under cmine i baeen

source control Automated pipelines can be configured to run in a variety of

= Test at model level, application software level, environments, to meet your scaling needs
and conduct MISRA C checks - —
Setup non-interactive MATLAB on runner - - L v

computer(s); and perform automated tests,
codeGen, and report authoring tasks
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https://www.mathworks.com/videos/new-ways-to-work-in-simulink-part-8-manage-projects-using-automation-and-source-control-1598859340479.html
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DevOps building blocks for Embedded Production SW
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Scallng Up Wlth parSim On the CIOUd ‘ MathWorksrReferenceArchitecturf
Different cloud computing resources for different jobs & | Launch Stack @)

simQut = parsim(in)

\ - - -
— ~ Running 1352 Simulations
RDP nr ﬁ MATLAB ~ 18 hours in series
— n Desktop
i

~ 5.2 hours on Quadcore Laptop

|
!
EC2 Instance |
|

Pa— SSH
— Cetln | SecurtyGrowp ~ 59 mins on an m5.12xlarge EC2 instance, 24 core
4 |[= — ~
s MATLAB on AWS EC2
Parallel Computing Toolbox
MATLAB & Worker Machine = m5.12xlarge (24 cores)

GPU Running 1352 Simulations

~ 22.7 mins on 5 Worker machines, 120 cores

~17 mins on 10 Worker machines, 240 cores

Multi-core
CPU

MATLAB Parallel Server

Learn more: MATLAB on AWS, MathWorks Reference Architecture, MathWorks CloudCenter 46



https://github.com/mathworks-ref-arch/matlab-on-aws
https://github.com/mathworks-ref-arch/matlab-dockerfile/blob/main/alternates/non-interactive/MATLAB-BATCH.md
https://www.mathworks.com/videos/what-is-mathworks-cloud-center-1651472260634.html
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' Key Takeaway:

MathWorks AUTOMOTIVE CONFERENCE 2024

MathWorks Solutions Accelerate Software-Defined Vehicle Development

Shift-left integration and
validation with simulation

AUT23AR

Virtual vehic

le and scenario

for automated driving

Flexible generation of SOA and
signal-based software

Reference workflow for
safety and security

Automate and integrate model-
based capabilities with Cl

Scenes

Scenarios

L?/n?h

e T

Sensors

LaneGuidanceArch

=)
LaneGuidanceApp ]

nav C

l LaneGuidanceMgr

Integration Testing at the System Level
HIL Embadded Software Testing (SLTest, SLRT)

Setup Checks Code Checks Tests

o

Run Gen Run
Model Model Code Run

—9—9—90—

System Model
Environment and
Scenario models

Architecture Development

Engineeling

Software
Engineering

Field
Operation

Requirements and

Syste Model:
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Scenario Models

Continuous Deploy,
Test and Operate
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