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An Example of Service Oriented Architectures

Let's Talk About the Weather ...

Mobile Weather Reports
P Weather

Service

Weather App calls out to a Weather
Service in the cloud

Weather Service gets request and XVeallj[hetr_
responds with a block a data that pplication
represents current weather info
|
N\ 4
Weather App decodes and displays ,"\
the information
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An Example of Service Oriented Architectures

More Details:
Let's Talk About the Weather ...

Weather Application

Mobile Weather Reports Weather
Calling out to a Service
Weather App calls out to a Weather | function that is not part
Service in the cloud of the Weather App
Weather Service gets request and Weather Service is Xve{:ll;[?aetrion
responds with a block a data that providing some PP
represents current weather info function or service Since the Weather
_ Service is in the cloud
Weather App decodes and displays | The Service may or this service is
the information may not respond accessible to millions
depending on the of users
function or application
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Key Take Aways

We have the tools to help move to Service Oriented Architectures (SOA)

We can generate C++ code for SOA based components

We are going to show you a lot of information in this presentation

We are here to help so please engage with us in your SOA type projects
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Challenge Statement and Project Benefits

Challenge:

How to partition an algorithm into Services that allow for reusabillity, portability and still
maintain functionality of the algorithm

Repartitioning algorithm content into smaller pieces will consist of engineering design
choices and requires engineering rigor

We will show:

Once the partitioning decisions have been made, how to create the Service Oriented
Architecture framework

How to create interfaces to Service Components
How to create Simulink behavioral models

how to create agnostic C++ code

how to apply Adaptive AUTOSAR
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Previous projects that helped defined SOA (Service Oriented
Architecture) with Models

We will build from these previous projects to show how to migrate a Monolithic Model to SOA

Technical Article: Migrating Traditional Automotive
Applications to SOA Applving Model Based Design to SDV Development

\\
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Applications for the Software-Defined Vehicle:

Scaling software development with virtual analysis, automated
testing, and cloud resources

Sameer K Muckatira, MathWorks Nitish Rao, MathWorks
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https://content.mathworks.com/viewer/65832aaddac3e3124a2d5c29
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Trend: Automakers are embracing Software Oriented Architectures
and Standards

What makes SOA so attractive to e
Automakers ??

By creating Service Components: Automakers are increasingly building software in-house with SOA based design

SOA based standards

Software Defined Vehicle

= Reusable Services that may be

B AUTcsSAR
shared with many applications or __ N utonomy
ts f Y- T onnzftlwty —
componen N R T/
= ,z’ | - \'f see ROS ‘D\D/s

= Potential for relocation of function Steering, Speed,
Braking Velocity

Model-Based Design

Traditional Vehicle

= Higher level of testability

Controls

e
%ﬁ_!l Real-time

HE—————l= Nl CAN
= Potential for reduction in validation ?@ﬁ.r,k,..,,..k,... Vouurg¥
due to sharing of functions across

cat
application or components <) MathWorks
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Process of Decomposition to Composition

This is the process of
pulling your legacy
model apart ...

and building in service
components with service
interfaces...

to create an SOA
framework

T AUTZ2o'SA

23

How to decompose traditional application software
compositions into services for Software Defined Vehicles

applicationse

|[dentify and Define Define Implement

Analyze Services and Service and deploy
Services its interfaces Contracts Services

AUTO SAR" l

v

MathWorks
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Reference to Potential Guiding Principles

8.5.2.1 Single-responsibility Principle

The single-responsibility principle (SRP,SWEBOK3) [7]
states that a component or class should be
responsible for a single part of the overall functionality
provided by ihili
encapsulat
provided by
interface(s)

We will
working
partitio

Migrating traditional automotive application
compositions to AUTOSAR Adaptive services

for Software Defined Vehicles

} MathWorks

Decompose the Monolithic
Application

Identify and
Analyze
Services

Some techniques can be found under Section
8.3 Decomposition Strategy and Section 8.5

Design Principles in the standard document - 2
Explanation of Adaptive Platform Software ’ ——
Architecture R22-11 - B -
E‘:’D"_ e - Lanes| m—"1i" ‘Steering Angie| T—"“%:.ﬂ%)m
@ — ==
Few of the notable techniques from design j""’“ I
. & B e o
principles T = p—
1. Single-responsibility Principle = E— ‘ 5 —

2. Interface Segregation Principle

3. Dependency Inversion Principle

4. Acyclic Dependencies Principle

A Highway Lane Following application designed previously as a monolithic application composition can be converted to a single service or it can be
decomposed into multiple services like camera service, vision service, radar service, lane detection service etc.

AUTO SAR" )
) MathWorks

Explanation of Adaptive Platform Software Architecture (autosar.orq)



https://www.autosar.org/fileadmin/standards/R22-11/AP/AUTOSAR_EXP_SWArchitecture.pdf
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The Models that we are going to work on come from the second

presentation that | referenced

This project had models for two different
ECUs working together

Battery Management — which consisted of
AUTOSAR Classic components for Battery
State Health and State of Charge

Vehicle Control Unit (HPC) — Which
consisted of algorithms that are slated for an
Adaptive Platform

We are going to use the models for the
Vehicle Control Unit (HPC) for this
demonstration

“Sport+” Mode
MaxBattCurrent

Infotainment Vehicle Control Battery Management
System (IVI) Unit (HPC) (Embedded Edge)
(o) ASIL-B ASIL-D
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Start with a Baseline Model with tests that pass

I
’i EvPwrCntrllr2EM_r3_mdl - Simulink

SIMULATION FORMAT
=5 L [ Open ~ FiE A= Stop Time | 2474
@@ &f Hs T} 0 ¢ = 4 @ P A EH
Project New ave Library Signal i ] Step Run Step Data Simulation
| - ~ B8 Print - Browser Table @ Fast Restart Back + - Forward Inspector Manager
| PrROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS = |
p| @ EvPwrCntrllr2EM 13 mdl =
d
é ® |[Pa] EvPwrCntriIr2EM _r3_mdl » E\
| % [ =
IR o} NGD) g
ﬂ ErgTratmd EngTraCmd é
[ Jomem )
TESTS 3 Cheh1 Crmd
] » 5
ﬁ - | =] D el Neutral
= | &8 49 ||« N 2.,
AccelPdl
Save Delete Parallel | Report Visualize | a-sr WTrgCma acma o 7
- - - | a TransGear M FueiCaliFwapCond FuelCellTempCmd
| VehSpd
[VehSpd]
FILE EDIT RUN VehSpdFdbk Acoel Pedal to Traction Wheel Torque Request
. EMTrgCmd EnTrgem e Toraue Vectoring
Test Browser JEEENIEELFNiE S Results: 2024-Apr-08 12:30:44
9
. 7 BouBikPrsCmd o
‘Fmer results by name or tags, e.g. tags: test = Y v SUMMARY I p— .
NAME STATUS = Fiacrhana
Name Brake Pedal to Tolal Braking Pressure Request m HL Ean
~ Results: 2024-Apr-08 12:30:44 20 @ §
. Outcome
~ =1 EV2M _VCU_MiLtests 2@ e
5 Start Time !
~ [ VCU_2EMEV_ctrl_powertrain 2 @ ) - Torqus Vackuing
End Time BanPackvolt
» [5] VCU_2EMEV_Hamess_Basi @ Type i
BatPwDisahvgLt \—.
» [£] VCU_2EMEV_Harness_Higt & 5 B—— BatPueDisChr e
I BMSDischrgCurrLmt
| (] bt BattPwrChrglmi
BMSChrgCurrimt “iy BrCmd » )
Power Limit Calculations BrkCmd
|
ansce
- -
d 4 | soc
SOC Calculation
PROPERTY VALUE Energy Management
Name Results: 2024-Apr-08 12:30:44
2 | « dniverModeCH
Status ] & ] o
Start Time 04/08/2024 12:30:44 ) Drivertiode ")
3 ! SR E StareRequest
End Time 04/08/2024 12:31:44 5] “
Copyright 2015-2024 The MathWorks, Inc.
» 3 MaxDehrgCurrLim
| Ready 83% FixedStepDiscrete
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Based on Model Functions decide what will be the main app and
what will be Services [ o

I_;I ‘"u" _j Open ~ HE - Stop Time | 2474 <lg \!/' HD m E]

Project  Mew & s - Library Signal ~ || Normal - Step Run Step Data Simulation =
. . . - ~ ©= Print ~ Browser Table 5@ Fast Restart Back v v Forward Inspector Manager
M athWO rkS D eS I n D e C I S I 0 n S PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
g « EvPwrCntrlir2EM 3 mdl pusi E)? |
3
gle \"a| EvPwrCntrllr2EM_r3_mdI » - ‘5
3 =
12la ) ) 3
E L}EI’K} = EngTraCmd é
|dentify and Analyze Services -
' [} - D
y | e
| AccelPal
Main app will retain full = I ] e
| TransGear o FuelCellTempCmd
(v
: : i Acoel Pedal to Traction Wheel Torque Request r‘w
functionality — :
: )P BouBPrCma Gol bar
ScuBrPreCmd BrPrsReq q S
|: s C 12— ety S D
Brake Pedal to Tatal Braking Pressure Request parotARg EMTrgCmd|
-[vwsoul e
- - ( 4 ) MSpd
Our end model will look like the =1
| [Eem >t
. HBany Torque Vectoring
BattPackVolt
grey box in the model L=
PR ———
BatPwrDsangt
8 ch " BattPwrDisChrgLmt
| BN SDischrgCurrLmt
9 b T BattPwrChrglmt
BMSChrgCurrimt oLmt BrkCmd __@
Power Limit Calculations BrkCmd
However, the end refactored |
] Bansoc
N - " (6 ) SOC BansOC
soc -
\ SOC Calculation
place of some of the inline S
L] - | 4 « dnverModeChecked f——————————9
functionalit = ' '
r DriverMode . . .
L
y | — 1 e €
[.__ ‘BatiStateRequest
= Copyright 2015-2024 The MathWorks, Inc.
» MaxDohrgCurrLim
Identify and Define Define Implement | Ready 83% FixedStepDiscrete
Analyze Services and Service and deploy
Services its interfaces Contracts Services
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Based on Model Functions decide what will be the main app and
what will be Services Feema e

Ii] =t 1 Open ~ ﬁE -— Stop Time [2474 <lg > [“> @ [:

MathWorks Design Decisions o v Do | n el I .

_ _ IS Gt ot 5 o 8t
Identify and Analyze Services EEY T = i
For this example, we are going to = % 2
refactor all of the functions that are . . [ — [ —
in blue boxes into service 8 & '@[ R - -] R
components e y ==

N e 1| = -
In a staged approach, goal is to o =
make a few changes, and verify with o w = ——
tests that no functionality was lost. . E— =

| N N s - - res

Use System Composer to refactor | o +—+F =
our design to include service | —— /| bV———
components -

=2 —

; - : . =a;[s%3m“
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New System Composer Onramp Training

Newly Release
March 2024 w/ R2024a

System Composer Onramp
Is free self paced, online
training that will introduce
you to System Composer
features

Home My Courses Online Training Suite

a

4\ MathWorks-

Self-Paced Online Courses

System Composer Onramp

Start course -
I 0

Become familiar with model-based systems engineering constructs in System Composer. About this course
You will construct a system architecture and trace to system requirements, create Format: Self-paced
specialized views of the architecture, and link to Simulink to verify the behavior of your
Length: About 1 hour
system.
Language: English
Course modules
Vv Course Overview Prerequisites:
Length: About 5 min + Simulink Onramp
Preview the course. Authored By:

Lessons:
) Alisha Schor
e Course Overview
MathWorks

> Constructs

> Requirements

System Composer Onramp

13
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Partition Algorithm Model Into Smaller parts with Service Interface

Define Services and Interfaces

In System Composer:

1) Created software architecture model

2) Create a software component box for our
main application

3) Define all I/O in the main application and
connect to Interface boundary of composition

T pefine Y

Identify and Define Define Implement
Analyze > Services and Service and deploy
Services its interfaces Contracts Services

—_—

(’i EVPwrCntrllr2EM_r3_Sys * - Simulink

o *x

SIMU
« EVPwrCntrllr2EM 13 Sys = | p
| F
© [T EVPwiCntril2EM_r3_Sys ¥ - 3
H
@& T EVPwrCtrinZEM_r3_Sys :li
& — -
=
s
D Traraten:
r— e
]
% Basamc
=
s
]
= [
] fa——
0 e
S——— Recerton
—
L4 B
Sicind
S—
Sueumiang
3 3
{ #
: i i
AccslPaTrqReguest_Sericamp - Torquavectsriag_Sarveacap
. T
BrakepaTIgALquest_SeniceCmp SOCCalc_servcecmp.
[ ——  soccac e
LA —p— [ER———p—
L] ManDsorglrn S  PuwerLimitCal
B
{
| » @k
Interfaces ® x
S5 & ||| & -8 | search Q[ Di ry View @
Type Dimensions Uni Complexity Minimu m Maximu m Descrij iption Asynch
~ @ EvPwrCntrir_dd.sldd
[ ~ (& AccelPdTrgReq_Srvif
| Ready 60% FixedStepDiscrete
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Partition Algorithm Model Into Smaller parts with Service Interface

('". EVPwrCntrllr2EM_r3_Sys * - Simulink - o b4

EVPwrCntrllr2EM 13 Sys

® 1.

. . = mrcnmlrEEM_ri_Sysb 7' §
Define Services and Interfaces o | p— i
D EmerayMamt_AspCmp
In System Composer: -
1) Created software architecture model E e
2) Create a software component box for our = e
main application 7. T L.
3) Define all I/O in the main application and -
connect to Interface boundary of composition i
4) Create a software component boxes for all | e e
new service components ; ﬁ ; ; :
oY -
; e e
';efi‘r;h |~ | - || & ~||Eg ~||Search Q| Dictionary View - GI@,
Identify and m‘ Define Implement IR;ES ATFAZ::::(T_:?:;N" 50% FixedStepDiscrete
stz Jpoovimwd |Jp owan  Jp aridescs

—_—
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Partition Algorithm Model Into Smaller parts with Service Interface

o *x

| P EVPwrCntrllr2EM_r3_Sys * - Simulink

Define Services and Interfaces o — !
=
In System Composer: -
1) Created software architecture model E
2) Create a software component box for our =H..
main application 7. —i 1.
3) Define all I/O in the main application and :
connect to Interface boundary of composition
4) Create a software component boxes for all
new service components é
5) Connect all service components to main ' 1 ’ | -
application with client server connectors B |
| Eﬂ sl » + s
:,—:Ttuw |~ | - || & ~||Eg ~||Search Q| Dictionary View - @
Identify and m‘ Define Implement IR;EE 3112“2;21:‘:%" 60% FixedStepDiscrete
. “aiad ’ o

—_—
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Partition Algorithm Model Into Smaller parts with Service Interface

| 'T. EVPwrCntrllr2EM_r3_Sys * - Simulink - o b4

Define Services and Interfaces ém—mf:jm 2
In System Composer: =
1) Created software architecture model E
2) Create a software component box for our = e L
main application 17 T L.
3) Define all I/O in the main application and |
connect to Interface boundary of composition . )
4) Create a software component boxes for all o
new service components " 1 § ;
5) Connect all service components to main ' — | —
application with client server connectors ' I .
Now we have our Architecture model drawn R I
Next step is to create Client Server Interfaces - 2 —
e Define [ | e o )

Services anl d Service and deploy
Contracts Services

Analyze
Services




Define Client Server Interfaces

[1 EVPwrCntrllr2EM_r3_Sys * - Simulink

<« EVPwrCntrilr2EM r3 Sys =y
[ ]
® [T EVPwrCntrIr2EM_r3_Sys b - E
socB— b S0C =
@ ’ g
g
] 1> | flBattPackVolt -
DriverMode [ b DriverMade
=
8 T
B
> BMSDischrgCurrLmt
| SteerCmd P b SteerCmd
= SteertWhiAng— b SteerWhiAng
|
_— > BM
| - ~ ~ ~ I
|o 5 5 ) 5
g g 5
| & -4 g
g g =
: : i i
£ 2 = F
. ) g E = H
> 4soc ) g 2
AccelPdiTrgRequest_ServiceCmp
AccelPdiSrv l)
> i DriverMode
BrakePdITrqRequest_ServiceCmp
- llpar
BrakePdITrqRequest_Srv ®
(i
| B
deh
»
Interfaces ® x
&[G & | ~|@| & ~|Es ~| search Q| Dictionary View - @
Type Dimensions Units Complexity Minimum Maximum Description Asynchronous
~ @ EvPwrCntriir_dd sldd
| ~ {o AccelPdITraReq_Srif
~ WhITrgCmd = AcclPdIToTrgFen(AccelPdl,Gear,VehSpd) O
AccelPdl double 1 real 0 ]
Gear double 1 real 0 n
VehSpd double 1 real 0 1]
WhITrgCmd double 1 real 0 n
~ {& BrakePdITrqReq_SrvIf
~ BrkPrsReq = BrkPdIToTrgFcn(BeuBrkPrsCmd,Park) || M
L d
| Ready 100% FixedStepDiscrete
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Define Services and Interfaces

A Service Component is connected to the Main App
through a Service Connector between the Client Port and
a Service Port

Client

Main App

Steerihling [I— b SteerWhiling

SRy C‘-‘

Service Connector

—
Service Connector

AroelPdITrgReg

AccelPdITrgRequest_ServiceCmp

Service

AcoelPdiSne -l)
Component

Purple Highlight shows that
an Interface is applied to
both Client and Service
Ports

Service

18
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Define Services and Interfaces

Deflne Cllent Server Interfaces Ability to define the full Service-Interface in terms of the function

N prototypes and arguments

[1 EVPwrCntrllr2EM_r3_Sys * - Simulink

SIMULATION MODELING

| & Eevwcneims s - This allows for the Service Interface to be used to create the
soc— b SoC 5
é i model constructs for both the main app component and the
e i Service Component
D parl— > par .
= Service Connector Name : : :
= N Define the Client / Service Interface for each of the connected
Service Components
Ifl SteerWhiAngl— D SteerWhlAng
|o 3 i] . —
, R Service Interface Name Function based Proto-Type
> @SOC .Amell'qumm_i - | 3 = — = — = ShOWS Function Name and Input j
S §-& % Y& &-|- / Output Arguments W |
- [ Define Inputs and Outputs to
it _ ype function in terms of
sy |~ ® EvPwrCrggir_dd.sldd datatypes, dimensions, units,
Dt R v 4o AccelPdITrqReq_Srvif min, max etc;
: ¥ WhITrgCmd = AcclPdIToTrgFcen(AccelPdl,Gear,VehSpd)
@ o
> AccelPdI double 1
g -|&s 18| |& - 2~ |43 | il - ||Eg -~ | Search O\_ Dictionary View - . Gear double ‘1
~ @ EvPwrCntriir_dd sldd e — [ . VehSpd dOUb|e 1
| ~ {o AccelPdITraReq_Srif
> WhITrqCmd = AcclPdIToTrgFen(AccelPd|,Gear,VehSpd) [ Wthqumd dOUb|e 1
Gear doutle 1 ¥ {0 BrakePdITrqReq_Srvif
. ”:“;’f:’ o o ! ¥ BrkPrsReq = BrkPdIToTrqgFcn(BecuBrkPrsCmd,Park)
J -

| Ready 100% FixedStepDiscrete 1 9
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Create Simulink Behavior Model for Service Component

[ P EVPwrCntrlIr2EM_r3_Sys * - Simulink

ToceB@a @ o

Creating the Simulink Behavior

. o ottt o {
(empty skeleton model that will . ;
contain your algorithm) . B *
Explore B o
Open In New Tab 5| 3 ; |
: . en In New Window g £ S §
Right click on Component boxes , oren e L ; g ]
to create the Simulink Behavior By Copy Ctrlec e
EI Paste Ctrl+V
h- . k I Create Architecture... » Bttt servec ==
T IS aCtlon Creates a SKe eton or Create Simulink Behavior... h} I P S 0) Oz
shell model Link to Model...
Add Variant Choice

Apply Stereotype 4

Also, this will create blocks that Change Stereotype b mome e -
. . Allocations 4

represent the Client / Service S }

interfaces Test Harness )

Create Spotlight From Component

Format 4
Propertles... &~ | ~ | @ | [ ~||8s ~| Search Q| Dictionary View 2
HEIP Typ Dirmy U Complexity Minimui m Maximum D pt
| ~ BrkPrsReq = BrkPdIToTrgFcn(BeuBrkPrsCmd,Park)
BeuBrkPrsCmd [ double [ 4 [ real [ I} 0
‘ Park double 1 real 0 0
————w BrkPrsReq | double 4 real I'n ]
Identify and Define Define Implement + {6 MaxDscrgCrt_Srvif | [ [
Analyze Services and Service and deploy
Services its interfaces >
Ready 80% FixedStepDiscrete 2 O
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Create Simulink Behavior Model for Service Component
New Block: Function Port

[n} b3

P EVPwrCntrllr2EM_r3_Sys_v2 * - Simulink

% o va:;:::;“jf;z?: o B { ﬂ Br;kePdITrciRequest_ServiceCmp * - Simulink = m] X
g_ @{ ) | SIMULATION : MODELING APPS SUBSYSTEM BLOCK
0 [ : BrakePdITrgRequest ServiceCmp .
@ . @® ||%a|BrakePdITrqRequest_ServiceCmp » S e rVI Ce C O n n e Cto r N am e
() Stoercimd— (> SipesCn > :
s Simulink Function
»»»»» »
=
- | = .) BrakePdITrgRequest_Srv . BrkPdIToTrgFcn
a2 E N
S ‘ |
‘ ? '
BrkPrsReq = BrkPdIToTrgFcn(BcuBrkPrsCmd,Park)
N ' < '
E | i a

rs= S BrkPdIToTNgFcn

. . .
L el e —— Simulink Function Name
1
| ype { ]
~ @ EvPwiCntrlir_dd.sldd

| b 4o AccelPdiTrgReq_Srvit (s
| | ~ {o BrakePdITrqReq_Svif 1 » i [f0]
| ~ BrkPrsReq = BrkPdIToTrgFen(BeuBrkPrsCmd Park) i

R —— double Ready ) § 337% FixedStepAuto

Park double 1 real 0 ]

BrkPrsReq double K | real 1 0

o — - M i 2t Discvetalf)
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Create Simulink Behavior Model for Service Component

P4 EVPwiCntrlIr2EM 13 Sys_v2 * - Simulink - o x
SIMULATION MODELING
g EVPwrCntrlr2EM 3 Sys v2 | P : S |
I . = o X
L§ ® |Fevewrcntriraend ra sys vz » ’ﬁBrakePdITquequest_SerwceCmp Simulink
«% " s Tt SIMULATION DEBUG MODELING FORMAT SUBSYSTEM BLOCK
L i rveiode®— (b Dmerode |« BrakePdITraRequest ServiceCmp =
| T} f_ijBrakePlequequest_ServiceCmp » p 4
0] > pa
) 1B Steeoma Q
. g
—
b msg {
|
5]
- 1 | = BrakePdITrgR t Srv.BrkPdIToTrgF
N : = @) BrakePdITrqRequest_Srv.Br oTrgFcn
| I_J :E —
AccelpdiTrgRequest_ServiceCmp | & E —
< AecelPdTraRequest_ServiceCmp >
| .
| R , |
f-\ ’i.arak:Pdlnqn:ques(_SemceCmp/srkPmTuTqum.~—s.wmu.lmk. T T T . = o x
FORMA o
BrakePdiTrqRequest_ServiceCm
< BrakePdTrqRequest_ServiceCmp ( |- W BriRdIToTraFen =
i | @ |[PalBrakePdiTrgRequest SenviceCmp b B3] BekPdToTrgfcn
R S ——
| — @
BrkPrsReq = BrkPdIToTrqFcn(BcuBrki
: ; =
s > > |
b | =]
(&=
] B = f()
£ 1 ih
» e ) | BrkPdIToTrgFen
== | BrkPdIToTrqF |
| e _ | r olrgreén ,
| |1S~I5% (& -~/ & ~|Es ~||search Q| Dictior |
| | BcuBrkPrsCmd > BrkPrsReq
| Tvee | g
~ @ EvPwiCntrllr_dd.sldd P —
o =1y I mi
v & AccelPdiTrqReq_Srvif | & o s
| ~ {o- BrakePdITrqReq_Srvif \ » 3 |f()
~ BrkPrsReq = BrkPdIToTraF cn(BouBrkPrsCmd Park) | =
| Ready 337%
BeuBrkPrsCmd double = o 1 >
Park double 1 real 0 il |
I I | I | . . .
N D D Empty Simulink Function
| -
80% - ) L
4! » @
| Ready 200% FixedStephuto |
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ate Simulink Behavior Model for Service Component

P EVPwrCntrllr2EM_r3_Sys_v2 * - Simulink

Referenced Files

SIMULATION MODELING
& EVPWICnirili2EM r3 Sys v2 | e - _ o
i ’ﬁ BrakePdITrqRequest_ServiceCmp * - Simulink = [m] X
® |[T]evewrCntrlir2EM r3_Sys w2 b
- T SIMULATION DEBUG MODELING FORMAT SUBSYSTEM BLOCK
6 ol b Diverode | @ BrakePdITrqgRequest ServiceCmp —
T} QjBrakePlequequest_ServnceCmp » p 4
0] »bpr
D mdl—{I- SteerCmd Q
- & . . .
= Copy/Paste Original Function
b msg
| =
. TR @) BrakePdITrqRequest_Sn
- g |8 -_
&= i
4 -
AccelPaiTraRequest_ServiceCmp E — F "
——— unction Here
AccelPdiSry @
f \ b} ServiceC qFcn - Simulink o i
MODELING
< BrakePd(TrqReguest_SericeCmp | | € W BrkPdiTaTraFen
-~ | @ [Pl BrakePdlTroRequest_ServiceCmp b [Pl BrkPdiTeTrgFen -
SrakardTaReques|
| BrkPrsReq = BrkPdIToTrqFcn(BcuBrkP ©
. ; 3 %]
= P
» [ - |-
> = | 0
- —_ S
Eoa > 1] Front Bias BrkPdiToTrgFen
» _ PIntBrkFrtBias »i
e | BrkPdIToTrqF =]
|
S-5x| L@ &~ | search Q| Dictior r 0 rq Cn
| PintBrkRearBias »l
Tyee | (@
(] 5
~ @ EvPwCntllr_dd.sldd ! Rear Bias
b 4@ AccelPdITrgReq_Srvit g: X BrkPrsR
[ = @ BrakePdTrqReq_sit \ » J [f0] BeuBrkPrsCmd > rkFrskeq
~ BrkPrsReq = BrkPdIToTraF cn(BouBrkPrsCmd, Park) =
Ready 337%
BeuBrkPrsCmd double S
BrkPrsReq double K real I 0 |
e asereoen oo -
o _ Fed g
» ]
| Ready 182% FixedStepAuto
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f"i EVPwrCntrllr2EM_r3_Sys * - Simulink

SIMULATION MODELING

FORMAT

- EVPwiCntrllr2EM 13 Sys

@®

[ EVPwrCntrlIr2EM_r3_Sys b

0 gF 8<

@ T EVPwrCtriinZEM_r3_Sys.
B Se —
=
s s
- - B Tt
o B v
IR
. T ——
- » o e
'@ = : e
| ] B> gt
[ .
| B> o
| »ox
| - qaan
B> O
» e
-
-
-
e
i i 5 5
i { i
§ H q i
. i 1 i
[E——
)
= o
b enaTp s
e
Wt S 8
.
MarOisiraturren Serdcecmp
- [t
BB
| L
| » | @
Interfaces

sopadsu] Ayadolg

Explore
Open In New Tab
Open In New Window

Cut Ctrl+X
Copy Ctrl+C
Paste Ctri+V

Create Architecture... »
Create Simulink Behavior... [}

Link to Model...

Add Variant Choice

Apply Stereotype »
Change Stereotype »

Allocations »
Requirements »
Test Harness 4

Create Spotlight From Component

Format »
Properties...

Help

S - &38| (&~ |& | i -|Bs - [|Search Q Dictionary View @
Type Dimensions Units. Comp\emly Minimum Maximum Description Asynchmnaus
~ @ EvPwrCntrilr_dd.sidd =
~ 1o AccalPdiTrgReq_Svif -
| Ready 60% FixedStepDiscrete

{*‘, EVPwrCntrlir2EM_r3_Sys * - Simulink

DEBUG

Created skeleton model

MathWorks AUTOMOTIVE CONFERENCE 2024

« EVPwiCnirllr2EM 3 Sys

® | EvPwiCntrir2EM_r3_Sys b -
Q 7] EVPWiCntriN2EM _r3_Sys
- et rpvms
(]
] =t i
I PR
o . P -
.
- e - . Gt £
| -
. Py—— . .
- -
— 2
&= .
! - -
_ s araton -
= o [
| ] B EMSDschCarmt X B b
| . .
| S p—
| .
et @
| s
S — . . . ",
T sacod )@
o
S . . .
[
P — .
-
hi 5 5 5 5 5
I i H H i £
4 -4 ¥ b
H i H § i
. 1 i i
scenppee Sy Tp——pacey
) E— e’
-
T soccak serviacrny
- it
St e o sacce s
e
[ —— [r——
~ . ",
= ManDscglre_Sev @ ® Fowertimatakso
-
-]
|
| » |8
Interfaces ® x
S-15[5| & |- & ~ & ~| search Q| Dictionary View - @
Type Dimensions Units Complexity Minimurm Maximum Description Asynchronous
~ @ EvPwrCntrilr_dd sldd
~ & AccelPdITrgReq_Srvif -
Ready 60% FixedStepDiscrete

soadsu] Aadold
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Create Simulink Behavior Model for Main Application Component

| ’i EnergyMgmt_AppCmp_v0a - Simulink

Service Connector Name

SIMULATION DEBUG MODELING FORMAT

EnerayMamt AppCmp v0a =

. | ® &iEnergyMgml_AppCmp_vOa » v
Triggered Subsystem
Q P EngTrgCmd
E @ CltchiCmd
e @ Neutra
(20) 3 = Inputs and Outputs v—
callAcclPdiToTrgFcnPo function() | = @ FuelCellTempCma
1 (ES M EMTrCmd
! AccelPdl @ @ BrkCmd
1 l— TransGear @ P BattStateRequest
VehSpdFdok @
callAcelPdIToTrgFen BeustPracrd @)
AccelPdiTrqReq_Srv . AcclPdiToTrgFen @) v @
BattPackvolt @
MSDischrgCurrLmt @
BMSChrgCurrLmt @
. soc @)
Function Port ot @
par @
SteerCmd @ .
Simulink Function Name e Triggered Subsystem w/
Function Caller inside
']JQ et calBApaTST aFenPon = —
callAcclPdIToTrgFen callBrkPdIToTrgFcn callPwrLimitFcn
AccelPdITrgReq_Srv . AcclPdiToTrgFen Q BrakePdITrqReq_Srv . BrkPdiToTrgFen Q PowerLimitCalc_Srv . PwrLimitFen Q
_ cal\SOGCa\ch;\;’;-n- ,um:m“ caIITquﬁclmgFl-x-\Pan -;;im canMachmguunu-r;F-;-”,-u;tﬂn”
1)
l!;: callSOCCalcFen «callTrgVectrngFen callMaxDchrgCurrLimFen
» 3 @ SOCCale_Src. SOCCalcFen @) TraVectmg_Srv . TraVectmgFen @) MaxDscrgCrt_Srv. MaxDehrgCuriLimFen @)
\_Read); - 87% e ) FixedStepAuto .
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Create Simulink Behavior Model for Main Application Component

| ’i EnergyMgmt_AppCmp_v0a - Simulink - u] X

SIMULATION DEBUG MODELING FORMAT APPS

EnerayMamt AppCmp v0a =

. © |"a EnergyMgmt_AppCmp_v0a b v
Triggered Subsystem
c} @ EngTrgCmd
@ @ CltchiCmd
-20- e d O M Neutral
I | = I n p u tS an Utp UtS @ FueliCellCurrCmd
callAcclPdiToTrgFcnPo function() | = @ FuelCellTempCma
1 (ES M EMTrCmd
! AccelPdl @ M@ BrkCmd
1 l— TransGear @ @ BatiStateRequest
VehSpdFdok @
callAcclPdiToTrgFen BeurPrscmd @)
AccelPdiTrqReq_Srv . AcclPdiToTrgFen @) ' v @
BattPackvolt @
MSDischrgCurrLmt @
EgmLAppCmp,\rca\lAa:IPdIanF:r\‘-Simuhnk - ‘ . - o x BMSCHgCuTLT @)
| = W callscclPulToTrafen - : - soc @)
| ® [EalEnergyMgmt_Appcmp_via b PalcallacdPaToTraren ¥ Driverhtode @
| i par @)
14
- f() SteerCmd @ .
2 s Triggered Subsystem w/
function Function Caller inside
Service Connector Name oo .
Simulink Caller Fcn D ) i € %
rqFcnP funcion() calBrkPdIToTrqFenPort Function() callPwrLimitFcnPort function()
) ACCSlPdl | calAcclPdiToTrgFon callBrkPdIToTrgFcn callPwrLimitFcn
Output Args AccelPdTraReq_Srv . AcelPdiToTrgFen @) BrakePdITrgReq_Srv . BrkPdiToTrgFen @) PowerLimitCalc_Srv. PwrLimitFen @)
caller
3 Gear AccelPdITrgReq_Srv.AcclPdIToTrgFen()  WhITrgCmd )
callSOCCalcFenPort ,um:m“ callTrgVectmgFenPort m"c:mU callMaxDehrgCurrLimFenl ,m:ﬂn”
]
3 Vehspd o5
callSOCCalcFen callTrgVectmgFen callMaxDchrgCurrLimFen
» 3 @ SOCCale_Src. SOCCalcFen @) TraVectmg_Srv . TraVectmgFen @) MaxDscrgCrt_Srv. MaxDehrgCuriLimFen @)
AcclPdIToTrgFcn Caller L
B InpUt Al"gS q \Ready - 87% e ) FixedStepAuto
T imulink Function Nam
. AccelPdITrgReq_Srv Ll LIE T2l N ENTE
Ready 297% - chdM'o
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Create Simulink Behavior Model for Main Appllcatlon Component

Orlglnal Model

¥ EoPwCaI2EM 13, mdl - Simalnk

= oE = Stop Time |2 m
A & ® » 1% I |
Project ibrary Signal Wi Sep R Step D: Simul;

- Browser Table o Fast Rest: Back Forward P Manage

. B 7 =
ila

a

=]

1
T

sopadsu] Auadoig >

e}
4
- S * )
uuuuuuuuu
-]
»
Ready 83% FixedStepDiscrete

Process:
« Copy/paste parts from original
model that we are keeping

Alter parts that represent the
client / caller functions

*i EnergyMgmt_, AppCmp v0a - Simulink

Created skeleton model

EnerayMamt AppCmp v0a =

MODELING FORMAT

SIMULATION

® "a|EnergyMgmt_AppCmp_v0a b v
& @ EngTrgCmd
@ @ CltchiCmd
@ Neutral
| = @ FueliCellCurrCmd
e M FuelCelTempCmd
= EMTrqCmd
| B EMTraCm
IO AccelPdl @ @ BrCmd
1 ) TransGear @ M BatiStateRequest
VehSpdFdok @
BeuBrkPrsCmd @
EMSpd @
BattPackvolt @
BMSDischrgCurrLmt @
BMSChrgCurrLmt @
soc @)
DriverMode @
par @
SteerCmd @
SteerWhiAng @
aFenP mn::m” callBrkPdITaTrgFenPort mn:mu callPwrLimitFenPort M;on”
callAcclPdIToTraFen callBrkPdIToTraFen callPwrLimitFen
AccelPdTraReq_Srv . AcelPdiToTrgFen @) BrakePdITrgReq_Srv . BrkPdiToTrgFen @) PowerLimitCalc_Srv. PwrLimitFen @)
¥ ¥ ¥
callSOCCalcFenPort [ callTrqvecimgFenPort [ callMaxDehrgCurrimFenPl—— =
7] \
& callSOCCalcFen callTrgVectmgFen callMaxDchrgCuriLimFen
SOCCale_Src. SOCCalcFen TrqVectmg_Srv . TraVectmgFen MaxDscrgCrt_Srv. MaxDehrgCurrLimFen
» | @ [f) z L raVectma_Srv. TraVectmgFen @) ey . ® ‘
Ready 87% FixedStepAuto
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Create Simulink Behavior Model for Main Application Component

-
P4 EvPwrCntrlIr2EM r3_mdl - Simulink - o X

SIMULATION

= I, ] Open ~ [} Stop Time | 2474 -

@A |k s X v = 4 @

Project | New Gl sove - Library signal ™ [(Normal ") sep R swep Data Simulation ~ EnerayMamt AppCmp v0a =
[ - & print ~ Browser Table G Fast Restart Back~ v  Forward Inspector  Manager | ® [%alEnergyMgmt AppCmp_voa » hd
| PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS Iy

g @ EvPwrCntrlir2EM r3 mdl =13 @ @ EngTrgCmd

® 3 v|3

2 [*a] EvPwrCntrlIr2EM _r3_mdl 3 -
ki B ¥
3@ " £ S teural
| Eraacna

- e = : = o
)
3 o2 |a s
| EMTraCmd
| |= J = o ) »
) | AccelPd @) d@EiCmd
|| = C n feacuer FusiCaiCantmd
| AcoEPA 1 TransGear @ @ BatiStateRequest
= |- : O
| o TransGear - VehSpdFdok @
(&>
VenSparduk { hSpd) BeuBrkPrsCmd @
Aol Pecalta Trachon Wheal Tormoe Reauest J
- yE— EMSpd @)
e BaitPackVolt @
o>—] [— =
bouonracma BMSDischrgCurrLmi @
pacc
enfigcnatina
Bk Poda o ol raking Presaurs Roauest r.< Y] exrcd ausChigCurm @
s0C @)
G
EMSpa Driverhode @)
= o @
@ Toraue Veckorng
BattPackvoit SteerCmd @
L.MM
e —r— ‘ SteertniAng @
5
1 BESDischrgCurrmt
] DatPwrCryLmi BatPurChrgLme
dischrgGuntm 5
Power Limi Gacuatons. Brxcma
D e D @Dy
| DT calAGHPToTraFonPor L caIBKPAToTrFonPoR catpwlmiEonPon [t
e - - -
callcelPaToTraFen calBrPdToTrgFen calPurlimitFen
| AccelPaTraReq_Srv. AccPaToTiarcn @) BrakePaITroReq_Srv . BraoTraFcn @) FowarLimiCalc_Srv_PwiimitFen @)
@ Orverde
s \
-] e . - calsoCCaicFenPort ot calravectmgFenPort [t calMaDchCuTLmFonP
» (@ T |
{Ready 83% FixedStepDiscrete == calSOCCaleFan calTrqVectmgFan callMaxDehrgCurtLimFon
> (@] S0CCaie_Sre. S0CCalcFen @) TraVecimg_Sr . TravectmgFen @) MaxDscrgCr_Srv NasDehgCurimen @)

Original Model . — B

Transform this shell model to capture original intent
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Create Simulink Behavior Model for Main Application Component

-
P34 EvPwrCntrlIr2EM _r3_mdl - Simulink

SIMULATION

= 3 open  ~ 1) Stop Time | 2474 -~ - =)
AR a8 1 , = e | @4 @ I %
Project  New e Library Signal T Nomal ) gy pen Step Data Simulation T
- - & print ~ Browser Table G Fast Restart Backv v  Forward Inspector  Manager
PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS ry
y [« EvPurCntrir2EM r3 mdl =]z
g ®  [*a] EvPwrCntrllr2EM_r3_mdl ¥ - ‘g . . .
ki =
L Q=== i New Simulink behavior model that captures
- = ervTotns g
- Clee—2, . . . .
| J 02 Application logic and Service Call outs
= &)
| |= = 2.,
| oo
| 1o - : (o] = D e
G - b AppCmp_y1 - Simulink - o x
[ <=
! o Torque Vedtoring
) EnerayMamt AppCmp w1 X
r.@ ==
cusnracma o & |[%a|EnergyMgmt_AppCmp v1 » v
BcuBkPrsCmd. -
P = exincrarnn 4'2}7 Nes) = oo
ke Poda o o Bring Prosrs st r.( I )
EMSpd = S
o >l -
@ Toraue Veckorng - — | P
s |- =
e —r— O > wars
5
af somoCurtmt — 1 [ry——
pr—— [
(>
dischrgGuntm 5
Fomer Ut Gacuatons Brxcma
| T -
G g Bassoc
o0 ,_.-
SOC Calculation < are]
e
soc |
@ Orverde .
+ S )
P BvsiioRaquest
Copyright2015:2024 The Manirks, e =
» @ TR
| Ready 83% FixedStepDiscrete it
. .
e
Original Model
Bkt S BRI L @
[uroat 2>
TP
R ——Y
[ 2
et —
-
" wtnagen s st
» | i [fo] B ——
Ready 1% FixedStepDiscrete
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Create Simulink Behavior Model for Main Application Component

Call out to Service Components

| ®3 EnergyMamt_AppCmp_v1/PreAlgorithmFen - Simulink - o x |

SIMULATION MODELING

i
&« 4 PreflqorithmFen *  callTraVectrnaFen - - -
oo eren. 11 Wit ” New Simulink behavior model that captures
{Q . . . . .
0
G Appllcatlon |OgIC and Service Call outs
| =
| E | — S — — — — — S— —
(G——#acera | " EnergyMomt_AppCmp_y1 - Simulink = =] x
oo hoooalTfo aont) . ‘D) I EnerayMamt AnpCimp w1 X =
O TranaGaar TG
& |[%a|EnergyMgmt_AppCmp v1 » -
(GG ——»|versm |
VehSpdFdbk @
= |
= .
= =
Ergtace) T e S
[}
GO—————+]Boubiprscms (m]
BouBrPrsCmd 1“"’ - D) - @ oo
BekPrafie
e
BrkPaITaTraFcn Caller
PaTRey S e
[ — P e
Pagbt | batPwbich oLt
BaPwDmchrglmt | T hd
ssssss Cumm PoweliniCale Srv P ent) o
BMSCschgCUnLTI
BatPwCheptmtf—————»{(2) [ae——
[ Y et BattPurChrgLmt
ISChrgGurmt -
PrrlimilFcn Caler
Powen suscucun
e
pr—
n caller
oc SOCCalc_ S SOCCHkFeny) Barsoc e
s0C BatS0C
Bkt S BRI Smara @ @
St S e o @ e >
SOCCaiccn Caller
............. Y
T
— ot s socEm
OriverodaChacked L5 Ly Y
caler anveniagsChacks Ty s g @
xS ManDebvyCierLimFon) » @l ™
i Ready 1% FixedStepDiscrete
) +umenise BansuteRaguest | ()
Lo eriverhdode BattStateRoquest
» |@ ot
Ready 7% FixedStepDiscrete 30
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Create Simulink Behavior Model for Main Application Component

Original Logic that we left alone New Simulink behavior model that captures
BTN Application logic and Service Call outs

« i Enerqy Management ¥  callTrgVectrnaFen —

| ® |["&EnergyMgmt_AppCmp_v1 » [#a|Energy Management »

|«
2
|
=
=]
7]
0 o
) e
s =
P e | =] E— =
- [ =
— .
e 7
= J
Cor=—e : -
. e R
T e S ) AN SO,
0% - 4‘*‘ o 0! I =25 oo K
oo S T
e
[
(7]}
[
» ]
Ready dstep
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R —
*ﬁ EnergyMgmt_AppCmp_v1/callTrgVectrngFcn * - Simulink — D X
SIMU
e W EnerayMamt AppCmp v1 callTrqVectrnaFen ==
® [*a|EnergyMgmt_AppCmp_v1 b [Pa] callTrgVectmgFen
1
Q
]
=%
=)
(=]
) 0
O
N funclien
C)—————— »{EmMTaemd
EMTrqCmd
2 ) pas
par
C——*|swecms
SteerCmd
caller P
4 ) Vectmg_Sr. TrqVectrmgFn() EMTrgCmdFinal _/ ¥ »( )
SteerWhlAng e 1 EMTrgCmdFinal
o> SN Y
VehSpd
D,
BrkPrsReq
(G )————————»{emspd
EMSpd
oFen C
tmg_Srv
7]
» |@
Ready 93% FixedStepDiscrete

Create Simulink Behavior Model for Main Application Component

Call out to Service Component

New Simulink behavior model that captures
Application logic and Service Call outs
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End refactoring process with Baseline Tests that pass

f'“. EVPwrCntrllr2EM_r3_Sys * - Simulink

Very Important: Apply original model tests such ———— — :

. . . | @ |[Flevewcniaem r3_sys » - §
as to prove out that functionality remains = é
[y
unchanged @ .
s
B
[ = T,
TESTS
-
[== fais)
ﬁ uwu ‘EJ @ &‘ Import oy o | - )
Save Parallel | Report Visualize Model Testing | Preferences | | - . -
b i Dashboard il T i N
FILE EDIT RUN RESULTS ENVIRONMENT | F ¢ T o
Test Browser JEESTISERENES Results: 2024-Apr-12 11:13:12  x m Start Page x @] Dashboard % n o
‘Fmer results by name or tags, e.g. tags: test ERR4 v SUMMARY | o s
NAME STATUS - -
N 5 = - 5 & Staema
+ Results: 2024-Apr-12 11:13:12 20 ame Besults: 2024-Apr-12 11:13:12
; Outcome 2g | [ree—
~ =1 EV2M_VCU_MiLtests 20 — ”
(5 VCU 2EMEV ot T 2 Start Time 04/12/2024 11:13:13 ~ . B 3 p X
- ctrl_powertrain ] § H )
= =iy = End Time 04/12/2024 11:15:01 j ! i j
1= i i ] ¥ X
» |=|] VCU_2EMEV_Harness_Bas' @ Type Result Set e ——— i
» [E] VCU_2EMEV_Harness_Higt @ g ) I
»
PROPERTY VALUE ) e s e s
= s
Name |=| VCU_2EMEV_Harness... " Hasbwoac B o s
Status 109 [ » ISt
Start Time 04/12/2024 11:13:13 o —
End Time 04/12/2024 11:14:09 S-S5 [& )@ [@] & -8« [searn Q[Dctionay view _~ @
Type 2D Ut - Type Dimensions Units Complexity Minimum D il
& ~ @ EvPwrCntrlr_dd.sldd | | |
R - I ~ o AccelPdiTrgReq_Srvif -
Tests Passed After Model Modifications =
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Generate C++ code that is agnostic to any platform

412 ot i [l code Gensaton eor Application Component = =

IE . — i | < € Find: « ¥ Match Case ‘
@ [ |
= Current model: EnergyMgmt_AppCmp_v1 ¥
: ey SHinalcu givens
B - j ) . Code Replacements Report EnergyMgmt_AppCmp_v1.cpp ¥ Q Search |

DEE

[ Coder Assumptions
| // End of Outputs for RootInportFunctionCallGenerator generated from: '<Root>/PostAlgoFcn'

|
T
| - | Code
|

- | - i
— = ¥ Main file // Model step function for TID3 PreAIQOFcn BOdy
I nE s void EnergyMgmt_AppCmp_v1::PreAlgoFcn // Explicit Task: PreAlgoFcn
- : . ert_main.cpp . gyMgmt_AppCmp_ goFen() P g
’ i i i | i i -
| | l i D e ¥ Model files real T rtb_UnitDelay p;
EnergyMgmt_AppCmp_v1.cpp
EnergyMgmt_AppCmp_vTh ;j Ro:tizpo;tFunf:;on:jiGe:;rat?Zhginer:ated from: '<Root>/PreAlgofFcn' incorporates:
LT Mgmt_AppCmp. v - Simulink a x . ui ystem: 00 re gori mrEcn
.‘ p— EnergyMgmt_AppCmp_v1_private.h
. EENW::::;;T,“ : e =i EnergyMgmt_AppCmp_v1_types.h // FunctionCaller: '<S2>/BrkPd1lToTrqFcn Caller' incorporates:
; @ gl v Shared files // Constant: '<S2>/Constant'
»| E §| // Inport generated from: '<Root>/Bus Element In4'
] = AccelPdITrgReqg_SrvIfT.h
|
= BrakePdITrqReq_SrvIfT.h BrakePd1TrqReq_Srv.BrkPd1lToTrqFcn(EnergyMgmt_AppCmp_v1_U.BcuBrkPrsCmd, 0.0,
4 PowerLimitCalc_SrvifT.h EnergyMgmt_AppCmp_v1_DW.BrkPd1lToTrgFcnCaller);
| SOCCalc_SrclfT.h
| // FunctionCaller: '<S2>/AcclPdlToTrqFcn Caller' incorporates:
| TrqVectrng_SrvIfT.h //  Inport generated from: '<Root>/Bus Element Inl'
binsearch_u32d_prev|dx_cpp // Inport generated from: '<Root>/Bus Element In2'
binsearch_uf—!Zd_prevldx.h // Inport generated from: '<Root>/Bus Element In3
o Call out to
const_params.cpp AccelPd1lTrqReq_Srv.AcclPdlToTrqFcn(EnergyMgmt_AppCmp_vl_U.AccelPdl,
S intrp2d_la.cpp EnergyMgmt_AppCmp_v1_U.TransGear, EnergyMgmt_AppCmp_v1_U.VehSpdFdbk, AcceIPdITrq Req_SrV
: &EnergyMgmt_AppCmp_v1l_DW.AcclPdlToTrgFcnCaller); H M
- intrp2d_lah S Saes : ) Service Function
» @ ual | look1_binlca.cpp // FunctionCaller: '<S2>/PwrLimitFcn Caller' incorporates:
e i ®x | look1_binlca.h //  Inport generated from: '<Root>/Bus Element In8'
Functions
Fiker contents | look1 pbinlca_cpp // Inport generated from: '<Root>/Bus Element In7'
f e e o ot e b 1 lookl pbinica.h //  Inport generated from: '<Root>/Bus Element Iné'
| Eo‘n::mm-gm mumwmm g : ‘ =P ’ || ~\MAC_SOA_Work\work\@3_VCU Models_ExpPart2a\CodeGen\EnergyMgmt_AppCmp_v1_ert_rtw\EnergyMgmt_AppCmp_v1.cpp Ln 1376 Col 37
i) Model parameters private. Mane ” its
|| <@ signals, sates, and ntemal data private ~ Mane |
|
OK Help
Ltmtf 46% FixedStepDrscrete ]
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Generate C++ code that is agnostic to any platform

¥ VP2 1 2 - Sk

ne EmeGAREN 1 50 2
HE

T

ODFEE @Aaa0 =28

[ r———
B e ileqecumst Serviceons ¥

¥
[
B
ITHE 4D et

.) AccelPdISrv . AcclPdIToTrgFcn

@

WhiTrqCmd = AcclPdIToTrgFcn(AccelPdl,Gear,VehSpd)

o

[ Te—p—
[P p—]

none
Hone

wolFu i)

|5] Code Generation Report

Find:

<« e

. Content
Summary
Subsystem Report
Code Interface Report
| | Traceability Report
| Static Code Metrics Report
Code Replacements Report

Coder Assumptions

Code

¥ Main file
ert_main.cpp

J ¥ Model files

LS

¥ Match Case

‘ AccelPdITrqRequest_ServiceCmp.cpp

¥ Shared files
AccelPdITrgReq_SrvIfT.h
const_params.cpp
look1_binlca.cpp
look1_binlca.h
rt_defines.h

rtwtypes.h

AccelPdITrqRequest_ServiceCmp.h
AccelPdITrqRequest_ServiceCmp_privat:
AccelPdITrgRequest_ServiceCmp_types.

-

Service Component

Current model: AccelPdITrqRequest_ServiceCmp ¥

AccelPdITrgRequest_ServiceCmp.cpp ¥ Q Search
/! 1.
I/ 2. RAM efficiency
I/ 3. ROM efficiency
// Validation result: Not run
//
#include "AccelPdlTrqRequest_ServiceCmp.h"

Execution efficiency

#include “"rtwtypes.h”
#include <cmath>
#include "lookl_binlca.h”

#include "AccelPd1lTrgqRequest_ServiceCmp_private.h"

) vodel sven function Actual Service Function

void AccelPdlTrqRequest_ServiceCmp::AcclPdlToTrqFcn(real_T rtu_AccelPdl, real_T
rtu_Gear, real_T rtu_VehSpd, real_T *rty_WhlTrqCmd)
S
real_T rtb_Gain3;
real_T rtb_MathFunctionl_tmp;
real_T rtb_MaxEMTrqVsSpd;
int32_T rtb_MathFunctionl;
int32_T tmp;
UNUSED_PARAMETER(rtu_Gear);

// Outputs for Function Call SubSystem: '<Root>/AcclPdlToTrqFcn’

// Gain: '<S13>/Gainl' incorporates:
//  Gain: '<S513>/Gain2’
// Gain: '<S13>/Gain3'

1/ SignalConversion generated from: '<S1>/VehSpd'

rtb_MathFunctionl_tmp = 3.8581839755351682 * rtu_VehSpd * 3.32;

P €L IMAMEMT A rCmAd!l fmcammamadkac .

£4 1 mmleism - Pra

..t2a\CodeGen\AccelPd1TrqRequest_ServiceCmp_ert_rtw\AccelPd1TrqRequest_ServiceCmp.cpp Ln 35 Col

OK
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412 ot gl Application Component
|E @ - E : -
“ E] Code Generation Report o %
o
=) « €  Find: « ¥ Match Case
o
m e
& - T Current model: EnergyMgmt_AppCmp_v1_z2 ¥
E Iz }
- ~ | EnergyMgmt_AppCmp_v1_z2.cpp ¥ Search
) Iz - Content gyMgmt_AppCmp_v1_z2.cop v Q
N — | | ProvidedPort->EMTrgCmd.Send(arrMsgData);
- m\‘ Summary
- _‘}, Subsystem Report }
-i— |
.}__ \ Code Interface Report // Model step function for TID3
- = : ; ] Traceability Report void EnergyMgmt_AppCmp_v1_z2::PreAlgoFcn() // Explicit Task: PreAlgoFcn
e J D e Static Code Metrics Report =l
Eliminated Blocks ara::core::Array<double, 4 > arrayArgBrkPd1lToTrgFcn;
Code Replacements Report ara::core::Future<proxy: :methods: :AcclPd1ToTrqFcn: :Output>
n Coder Assumptions AcclPdlToTrgFcnFuture; Pl’eAlgO Fcn BOdy
ara::core::Future<proxy::methods: :BrkPdlToTrgFcn: :Output> BrkPdlToTrqFcnFuture;
ara::core::Future<proxy::methods: :MaxDchrgCurrLimFcn: :Output>
- Code :
" MaxDchrgCurrLimFcnFuture;
- ¥ Model files ara::core::Future<proxy::methods: :PwrLimitFcn: :Output> PwrLimitFenFuture;
[y sou —

EnergyMgmt_AppCmp_v1_z2.cpp

ra::core::Future<proxy::methods: :S0CCalcFcn: :Output> SOCCalcFcnFuture;

EnergyMgmt_AppCmp_v1_z2.h proxy: :methods: :AcclPd1ToTrqFcn: :Output callOutput;
proxy: :methods: :BrkPdlToTrqFcn: :Output callOutput_1;
EnergyMgmt_AppCmp_v1_z2_private.h proxy: :methods: :MaxDchrgCurrLimFcn: :Output callOutput_2;
EnergyMgmt_AppCmp_v1_z2_types.h proxy: :methods::PwrLimitFcn: :Output callOutput_e;
proxy: :methods::50CCalcFcn: :Output callOutput_3;

¥ Shared files
binsearch_u32d_prevldx.cpp
binsearch_u32d_previdx.h
complex_types.h
const_params.cpp
intrp2d_la.cpp
intrp2d_la.h
look1_binlca.cpp
look1_binlca.h

..MAC2024_DevShare\03_VCU Models_ExpPart2b\CodeGen\EnergyMgmt_AppCmp_v1_z2_autosar_adaptive\EnergyMgmt_AppCmp_v1_z2.cpp

std::shared_ptr<ara::core: :Result<proxy: :methods::AcclPdlToTrgFcn: :Output>>
AcclPdlToTrgFcnResultPtr;

std::shared_ptr<ara::core: :Result<proxy: :methods::BrkPdlToTrqFcn: :Output>>
BrkPdlToTrgFcnResultPtr;

std::shared_ptr<ara::core: :Result<proxy::methods::MaxDchrgCurrLimFcn: :Output>>

MaxDchrgCurrLimFcnResultPtr;

std::shared_ptr<ara::core: :Result<proxy::methods::PwrLimitFcn: :OQutput>>
PwrLimitFcnResultPtr;

std::shared_ptr<ara::core::Result<proxy::methods::50CCalcFcn::Output>>
SOCCalcFcnResultPtr:

Ln 1596

OK

Col 3

Help
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e =i Application Component
@ | Ce—— i — B o T
l [+] E ii‘CodeGeneration Report - [m] X
@
= « e Find: w ¥ Match Case
o}
E S T | Current model: EnergyMgmt_AppCmp_v1_z2 ¥
- = L .
“ Iz }
-1 EnergyMgmt_AppCmp_v1_z2.cpp ¥ Search
. i - Content 9yMgmt_AppCmp_v1_22.0pp Q
N — et e
= M\‘ Summary
} _‘\. | Subsystem Report - if (AccelPdlTrgReg_Srv) {
:}__ _ﬂ‘_ | Code Interface Report // RootInportFunctionCallGenerator generated from: '<Root>/PreAlgoFcn' incorporates:
) }:_ MJ ) Traceability Report //  SubSystem: '<Root>/PreAlgorithmFcn’
—— | i | ! ! e Static Code Metrics Report
S i— L. // FunctionCaller: '<52>/AcclPdlToTrgqFcn Caller’
. Eliminated Blocks Ca” Out tO
5 AcclPdlToTrqFcnFuture = AccelPdlTrqReq_Srv->AcclPdlToTrqFcn
Code Replacements Report (EnergyMgmt_AppCmp_v1_z2_B.EventReceive, ACCGIPdITrq Req SrV
=] . Coder Assumptions . —
EnergyMgmt_AppCmp_v1_z2_B.EventReceive2, H H
N EnergyMgmt_AppCmp_v1_z2_B.EventReceivel); SerVICe FunCtlon
-l : Code
L3 .
. - End of Outputs for RootInportFunctionCallGenerator generated from: '<Root>/PreAlgoFcn’
hll CL ¥ Model files " P p g £
o - e // Retrieve result on method AcclPdlToTrgFcn's completion
EnergyMgmt_AppCmp_v1_z2.cpp AcclPdlToTrgFcnResultPtr = std::make_shared< ara::core::Result<proxy::

EnergyMgmt_AppCmp_v1_z2.h methods: :AcclPdlToTrgFcn: :Output> >(AcclPdlToTrqFcnFuture.GetResult());
EnergyMgmt_AppCmp_v1_z2_private.h

// Check if method AcclPdlToTrqFcn completed successfully and returned valid results
- if (AcclPdlToTrgFcnResultPtr->HasValue()) {
¥ Shared files // Retrieve return arguments from method AcclPdlToTrgFcn's Result container
callOutput = AcclPdlToTrqFcnResultPtr->Value();

EnergyMgmt_AppCmp_v1_z2_types.h

binsearch_u32d_prevldx.cpp

binsearch_u32d_previdx.h
- -P // FunctionCaller: '<S2>/AcclPdlToTrqFcn Caller'

complex_types.h EnergyMgmt_AppCmp_v1_z2_B.AcclPdlToTrgFcnCaller = callOutput.WhlTrqCmd;
const_params.cpp ¥
intrp2d_la.cpp i
= intrp2d_la.h // RootInportFunctionCallGenerator generated from: '<Root>/PreAlgoFen' incorporates:
e p— — look1_binlca.cpp //  SubSystem: '<Root>/PreAlgorithmFcn'

look1_binlca.h .MAC2024_DevShare\@3_VCU Models_ExpPart2b\CodeGen\EnergyMgmt_AppCmp_v1_z2_autosar_adaptive\EnergyMgmt_AppCmp_v1 z2.cpp Ln 1669 Col 5

OK Help
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E Code Generation Report = (m] X
i . .
—T =7 <« €  Find: ¥ Match Case I C
== N 3 Application Component
| ; I i Current model: EnergyMgmt_AppCmp_v1_2z2 V
o
= | - S
main.cpp v Search
g | Content v Q
=) I ) T | #include <ara/core/initialization.h>
i . . Summary )
=] i __\ #include <ara/core/result.h>
f - '}—— __‘ SUbSVStem Report #include <ara/core/string_view.h>
~}:‘ | | : ____‘, ) Code Interface Report #include <ara/exec/execution_client.h>
"\___"_" | | | .ﬁ.“ I Traceability Report #include <ara/log/common.h>
} Bl | J I Static Code Metrics Report #include <ara/log/logger.h>
} ..}. Eliminated Blocks #include <ara/log/log_stream.h>
. = 4 ‘ - : — Code Replacements Report #include "EnergyMgmt_AppCmp_v1_z2.h"
—— | i | f e Coder Assumptions
™=t = /* main() handles the following: */
= . I C d /* - Instantiates the model object and owns its memory. */
= | odae /* - Reports the Execution state to ARA */
: - | Listyy g APy . ) )
| /* - Calls the model's initialize and terminate functions. */
l EnergyhAglnt_A[)anwphv /* - Creates an executor instance to schedule the periodic step functions */
- EnergyMgmt_AppCmp_v /* - A timer that is set to the base rate is created in the executor */
. i ) o o o
o N | EnergyMgmt_AppCmp_v Vi The step functions are added to the executor and run */ Ma'n_cpp /Appllca’t'on
[ /* based on their sample periods */
sy sox or—

EnergyMgmt_AppCmp_v SRR CEG) O

¥ Other files
PosixExecutor.hpp
¥ Other files
main.cpp
¥ ARA files

/* Used to control the flow in case of error in any api's used. */

bool bProceed{true};

/* Used to decide whether ara function clusters has been initialized. */
bool bAralnitialized{true};

/* ara function cluster init. */

const ara::core::Result<void> initStatus{ara::core::Initialize()};

MachineManifest.arxml
= if (!initStatus.HasValue()) {

accelpdltrgreq_srvif_com bBrocesd = Faises

bAralnitialized = false;
}x ity

accelpdltrqreq_srvif_proy,

brakepdItrqreq_srvif_con

brakepdltrqreq_srvif_pro

= if (bAraInitialized) {
b impl_type_drivermode.h = ara::log::Logger &aralLog{ara::log::Createlogger(
..orks\Documents\@@_AE_Info_Content\AE_Share\MAC2024_DevShare\@3_VCU Models_ExpPart2b\CodeGen\EnergyMgmt_AppCmp_v1_z2_autosar_adaptive\main.cpp Ln 27 Col 6

impl_type_rt_array_doubill ~

OK Help
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Find:
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{5] Code Generation Report

Find:

<« e

Content

Summary

Subsystem Report

Code Interface Report
Traceability Report

Static Code Metrics Report
Eliminated Blocks

Code Replacements Report
Coder Assumptions

Code
EnergyMgmt_AppCmp_VA

¥ Other files
PosixExecutor.hpp

¥ Other files
main.cpp

¥ ARA files
MachineManifest.arxml
accelpdltrgreq_srvif_com
accelpdltrgreq_srvif_pro»
brakepdltrgreq_srvif_con
brakepdltrgreq_srvif_pro
impl_type_drivermode.h
impl_type_rt_array_doub
impl_type_rt_array_doub
impl type rt array doub

@ ¥ Match Case

Current model: EnergyMgmt_AppCmp_v1_z2 V

main.cpp v Q Search

fcnExecutor.setBaseRateInSeconds(std: :chrono: :duration<double>(baseRate));

/* Register periodic step functions in the executor. */

fcnExecutor.addPeriodicEvent(
= [&EnergyMgmt_AppCmp_v1_z2_Obj, &aralLog]() {
= try {
EnergyMgmt_AppCmp_v1_z2_Obj.PreAlgoFcn();

= } catch (std::exception const &e) {

aralog.LogError() << "Error executing step: "

}
1,
1);
fcnExecutor.addPeriodicEvent(
= [&EnergyMgmt_AppCmp_v1_z2_0Obj, &aralLog]() {
= try {
EnergyMgmt_AppCmp_v1_z2_0Obj.AlgoFcn();

= } catch (std::exception const &e) {

aralLog.LogError() << "Error executing step: "

}
}s
1);
fcnExecutor.addPeriodicEvent(
= [&EnergyMgmt_AppCmp_v1_z2_0Obj, &aralLog]() {
E try {
EnergyMgmt_AppCmp_v1_z2_Obj.PostAlgoFcn();

= } catch (std::exception const &e) {

aralLog.LogError() << "Error executing step: "

}
B

1)

..Share\MAC2024_DevShare\@3_VCU Models_ExpPart2b\CodeGen\EnergyMgmt_AppCmp_v1_z2_autosar_adaptive\main.cpp Ln

<< e.what();

<< e.what();

<< e.what();

Main.cpp / Application

Adding tasks for Main
Application executor

107

OK

Col

35

Help

PP

Application Component

Ln

27

OK

Col

Help
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Fpics o <

O

FuesepDiscrets |

@) AccelPdiStv . AcclPdiToTrgFen

WhITrqCmd = AcclPdIToTrgFcn(AccelPdl,Gear,VehSpd)

AcclPdIToTrgFcn

%
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[%a] code Generation Report = [m} X
¢ Find: ¢ ¢ Match Case Service Component
Current model: AccelPdITrgqRequest_ServiceCmp ¥
AccelPdITrqRequest_ServiceCmp.cpp v Search
Content aRequest_ Popp Y Q
#include <stdint.h>
Summary #include "lookl_binlcapw.h”
Subsystem Report #include "AccelPdlTrqRequest_ServiceCmp_private.h”
Code Interface Report
Traceability Report // Model step function
Static Code Metrics Report void AccelPdlTrqRequest_ServiceCmp::AcclPdlToTrgFcn(double AccelPdl, double Gear,
Code Replacements Report double VehSpd, double *Wh1lTrqCmd)
Coder Assumptions = { g 5
double rtb_Gain3; Actual Service Function
C d double rtb_MathFunctionl_tmp;
ode double rtb_MaxEMTrqVsSpd;
¥ Model files int32_t rtb_MathFunctioni;
AccelPdITrqRequest_ServiceCmp.cpp int32_t tmp;
. UNUSED_PARAMETER (Gear) ;
AccelPdITrgRequest_ServiceCmp.h
AccelPdITrgRequest_ServiceCmp_priv // Outputs for Function Call SubSystem: '<Root>/AcclPdlToTrgFcn’
Acce\PdITrqRequest_ServiceCmp_typ // Gain: '<S13>/Gainl' incorporates:
. //  Gain: '<513>/Gain2’
¥ Shared files ) )
// Gain: '<S13>/Gain3’
complex_types.h //  SignalConversion generated from: '<S1>/VehSpd'
const_params.cpp
. rtb_MathFunctionl_tmp = 3.0581039755351682 * VehSpd * 3.32;
look1_binlcapw.cpp
Iook‘l_bmlcapw.h // Lookup_n-D: '<S6>/MaxEMTrqVsSpd' incorporates:
rt_defines.h // Gain: '<513>/Gainl’
¥ Interface files
Pl ) rtb_MaxEMTrqVsSpd = lookl_binlcapw(rtb_MathFunctionl_tmp,
AccelPdITrqRequest_ServiceCmp_Exe &rtCP_MaxEMTrqVsSpd_bp@lData[@], &rtCP_MaxEMTrqVsSpd_tableData[@], 13U);
AccelPdITrgRequest_ServiceCmp_Ser
AccelPdITrqRequest_ServiceCmp_con ..t2b\CodeGen\AccelPd1lTrqRequest_ServiceCmp_autosar_adaptive\AccelPd1lTrqRequest_ServiceCmp.cpp 19 Col 3
OK Help
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a
2 @) AccelPdiStv . AcclPdiToTrgFen
O
WhITrqCmd = AcclPdIToTrgFcn(AccelPdl,Gear,VehSpd)
= AcclPdIToTrgFcn

| IﬂCode Generation Report . X
.o e| R  + Match Case Service Component
| |
| Current model: AccelPdITrqRequest_ServiceCmp ¥ \
AccelPdITrgRequest_ServiceCmp.h  « main.cpp v Q Search !
A(,celPdITrqRequest_ServiceCmp_pri\ /* - Calls the model's initialize and terminate functions. */
) . . o .
AccelPdITrqRequest_SerwceCmp_typ / Creates an executor instance to schedule the periodic step functions */
. /* - A timer that is set to the base rate is created in the executor */
A4
Shared files /* - The step functions are added to the executor and run */
complexftypes.h /* based on their sample periods */ M = =
. . ain.cpp / Service
const_params.cpp = int32_t main() { pp
look1 binl /* Used to control the flow in case of error in any api's used. */
(o]e] Inicapw.c
- P PP bool bProceed{true};
look1_binlcapw.h /* Used to decide whether ara function clusters has been initialized. */
rt_defines.h bool bAraInitialized{true};
. * ara function cluster init. *
¥ Interface files / f
const ara::core::Result<void> initStatus{ara::core::Initialize()};
AccelPdITrgRequest_ServiceCmp_Exe
AccelPdITrgRequest_ServiceCmp_Ser -l if (linitStatus.HasValue()) {
AccelPdITrgRequest_ServiceCmp_cor bProceed = false;
bAraInitialized = false;
AccelPdITrgRequest_ServiceCmp_dat Y/t if */
AccelPdITrgRequest_ServiceCmp_inte
* Other files - if (bAraInitialized) {
PosixE torh = ara::log::Logger &aralog{ara::log::Createlogger(
IXEX r.
OsixExecutor.npp ara::core::StringView{"Acce"},
¥ Other files ra::core::StringView{
main.cpp "Logger for AccelPdlTrgRequest_ServiceCmp's main function."},
v ARA files ara::log::LoglLevel::kWarn)};
MachineManifest.arxml /* Report Execution state */
accelpdltrgreq_srvif_common.h const ara::exec::ExecutionClient exec_client;
accelpdltrqreq_srvif_skeleton.h - ey {
Iodit ¢ ckelet ) Lh if (lexec_client.ReportExecutionState(
accelpaltrgqreq_srvit_skeleton_ImplLh T R SRS Y S SR S <
1 » . ..hare\@3_VCU Models ExpPart2b\CodeGen\AccelPdlTrqRequest_ServiceCmp_autosar_adaptive\main.cpp Ln 30 Col 1
L OK Help
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@) AccelPdiStv . AcclPdiToTrgFen

WhITrqCmd = AcclPdIToTrgFcn(AccelPdl,Gear,VehSpd)

AcclPdIToTrgFcn

| [ﬂCode Generation Report S . C t X
(= € Find: « v Match Case ervice Omponen ‘
| Current model: AccelPdITrqRequest_ServiceCmp ¥ \
"ﬁ]CodeGenerationRepon = (m] X [ ‘
|+ « e Find: “ ¢ Match Case \
Current model: AccelPdITrqRequest_ServiceCmp ¥V \
| AccelPdITrqRequest_ServiceCmp.h  « main.cpp v Q Search !
AccelPdITrqRequest_ServiceCmp_pri\ e i i
: /* AccelPdlTrgqRequest_ServiceCmp::AcclPdlToTrgFcn(); */
AccelPdITrqRequest_SerwceCmp_typ /* These asynchronous tasks are registered */
¥ Shared files /* as callbacks in the model initialize function: */
| complex types h /* AccelPdlTrqRequest_ServiceCmp::initialize() */
const_params.cpp /* Create an executor instance to schedule the periodic step functions. */
look1_binlcapw.cpp /* Whenever the period of a step function passes, the executor */
look1 binlcapw.h /* schedules that function to be executed on a thread. */ |
§ platform: :runtime: :Executor fcnExecutor; |
rt_defines.h |
¥ Interface files /* Base rate is the time unit of a tick. */
AccelPdITrqRequest_ServiceCmp_Exe constexpr double baseRate{@.200000};
AcceIPdITrqRequest_ServiceCmp_Ser fcnExecutor.setBaseRateInSeconds(std: :chrono: :duration<double>(baseRate)); ‘
AccelPdITrqRequest_SeNlceCmp_cor aralog.LogVerbose() << "Starting periodic execution of step functions."; Maln Cpp / Serv|ce
AccelPdITrgRequest_ServiceCmp_dat #if defined(rtmSetStopRequested) && defined(rtmGetStopRequested)
AccelPdITrqRequest_ServiceCmp_inte Tenkxecutorsnun(
= [&AccelPd1lTrgRequest_ServiceCmp_Obj]() { H H
* Other files Adding Service to
return rtmGetStopRequested(
i . cce rqRequest_ServiceCmp_Obj.get ;
PosixExecutor.hpp AccelPd1TrgR S Cmp_Ob RTM())
¥ Other files b
B aralog);
main.c
PP #else
v ARA files fcnExecutor.run(aralog);
MachineManifest.arxml #endif
. * .F *
accelpdltrgreq_srvif_common.h b k5
; Ln 30 Col 1
accelpdltrgreq_srvif_skeleton.h - if (bProceed) {
accelpdlitrgreq_srvif_skeleton_impl.h 7 = try {
< » = ..hare\@3_VCU Models_ExpPart2b\CodeGen\AccelPd1TrqRequest_ServiceCmp_autosar_adaptive\main.cpp Ln 85 Col 39 OK Help
OK Help 42
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Key Take Aways

We have the tools to help move to Service Oriented Architectures (SOA)

We can generate C++ code for SOA based components

We are going to show you a lot of information in this presentation

We are here to help so please engage with us in your SOA type projects

43



MathWorks Resources

Solutions Page: Software-Defined Vehicle

Speed-up Software-Defined Vehicle De s

MATLAB, Simulink, System Composer, and Polysbace

Solutions

Software Architectures with Simulin
Composer

Author and simulate software architectures

MathWorks AUTOMOTIVE CONFERENCE 2024

Where can | find more information ?

What Is Service-Oriented
Architecture (SOA)?

Service-Oriented Architecture (SOA) [ Search Mathiworks.com |

What Is Service-Oriented Architecture?

Service-oriented architecture (SOA) is a modern software architecture paradigm for building
applications as a collection of modular units of software called services. In SOA, services
are self-contained, modular, and loosely coupled. This approach enables you to build
complex and distributed applications in which you can update individual components, in
contrast to entire moneolithic applications. A typical SOA software stack includes application
software comprising services, platform services, and middleware. These services run on
high-performance hardware or virtual machines.

10817081818
60101910018
810818

®

1

APPLUCATION SERVICES

0 0O [

PLATFORM SERVICES

BASIC SOFTWARE SERVICES

HIGH-PERFORMANCE HARDWARE/
VIRTUAL MACHINE

Generalized SOA software stack.

Using Model-Based Design to
Develop SOA Applications for In-

Vehicle OS

Use Model-Based Design to Develop SOA

Application Running on In-vehicle OS

(9]

Service-Oriented Arbitration of ADAS
Features with Model-Based Design

Arbitration comparison

Legacy
architecture o

Service Oriented
Architecture
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https://www.mathworks.com/videos/using-model-based-design-to-develop-soa-applications-for-in-vehicle-os-1683546563196.html?s_tid=srchtitle_site_search_1_zeekr
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Self-Paced Online Courses

Home My Corses Ol Traring S System Composer for Architecture Modeling

[ 4\ MathWorks

System Composer Onramp

et After this 1-day training you will be able to: a

= Identify the role of architectural modeling in System Composer
Become familiar with modetbased systems construets in System Composer, About this course Model-Based Design Stereotypes
You will construct a system architecture and trace to system requirements, create Format: Self-paced
specialized views of the architecture, and link to Simulink to verify the behavior of your Length: About 1 hour - Create fUnCtiOnal, |Ogica|, and physica| Sys:em
system. :
g x Language: English architectures Architecture )
Course modules = i g
5 ) N = Customize existing components, ports and TVewsa ) (Tanaans
Course Overview Prerequisites: conn ecti ons | Allocations | | Trade Studies
Length: About 5 min * Simulink Onramp
Preview the course. Authored By: = Analyze architecture models for early / A \
Lessons: requirement validation |
« Course Overview Alisha Schor P v l
Mathborks Generate customized architecture visualizations .~ L.
> Constructs [(Peim | ’ &% [Manufacturing |
See detailed course outline it cmiocc-ld Tug

> Requirements

System Composer Onramp

1

‘ —— System Composer Course Details

Embedded Coder for Production Code Generation

Topics included in this 3-day course:

6 50

= Generated code structure and execution

= Code generation options and optimizations

= Integrating generated code with external code

= Generating code for multirate systems

= Customizing generated code
= Customizing data

= Deploying code

See detailed course outline

Embedded Coder Course Details
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4\ MathWorks

Code Generation for Classic AUTOSAR Software Components

After this two-day training you will be able to:

= Generate Simulink models from existing ARXML system descriptions

= Configure Simulink models for AUTOSAR compliant code generation

= Configure AUTOSAR communication elements in a Simulink model
Model AUTOSAR events in Simulink

« Create calibration parameters
Model AUTOSAR variation points within software components

« Import and export AUTOSAR compositions and software architectures
Model calls to basic software services

« See detailed course outline

MathWorks AUTOMOTIVE CONFERENCE 2024

Where can | get more help ?

Classic AUTOSAR Course Details

4\ MathWorks

AUTOSAR Adaptive Jumpstart Consulting Service

Just enough Adaptive AUTOSAR

— Learn Adaptive AUTOSAR elements relevant for MBD of
application software

Relevant exercises and workflows
— Converting existing models to the Adaptive Platform
— Choosing appropriate modeling constructs for Adaptive services
— Developing, simulating, and testing Adaptive Applications
— Generating and reviewing C++ AUTOSAR code

Choose from 8-16hrs of coaching to fit your needs
AUTOSAR Adaptive Overview
Classic vs Adaptive

AUTOSAR

Adaptive Platform

1-2 Day(s) / Onsite Instructor Led
Adaptive AUTOSAR Training

Adaptive platform architecture
Component modeling

Component code generation
Simulation, verification, and validation
Configuring for deployment
Measurement and calibration

AUTOSAR Adaptive Platform Jumpstart Course Detalls
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Jumpstart  Migration Plan Design SOA Integrate Design Update Workflow  Deploy Models

Development Into SOA for SOA MBD to SOA Platforms
Jumpstart with hands-on  Evaluate existing software  Architect and analyze  Integrate detailed design Migration of existing Deployment of the models
wg:lrlésl,hop Imr;ludlng F development workflow and ~ a SOA using System  of service applications into  development workflow to onto a chosen middleware
available solutions an develop a migration plan Composer SOA model support SOA MBD workflow  platform such as Adaptive
industry trends
AUTOSAR and custom
middleware

https://www.mathworks.com/services/consulting/contact.html
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Technical Workshop on this topic — June 20" 1:30 to 3:30 PM EDT

MathWorks
AUTOMOTIVE
CONFERENCE 2024
North America

Migration of Monolithic Algorithm

to Service Oriented Architecture

Mark Danielsen, MathWorks

‘t:' A NN If you have questions, you can reach out to me

Mark Danielsen
mdaniels@mathworks.com

Vl MathWorks

Technical Workshop: Migration of a Monolithic Algorithm to Service-Oriented Architecture
Date & Time: June 20, 1:30PM — 3:30PM EDT

Overview: 2-hour interactive workshop at our Novi office to take a deep dive into the process of breaking apart a
monolithic algorithm into services that can be reused.
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