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An Example of Service Oriented Architectures

Let 6s Tal k About t he Weat her e

Mobile Weather Reports
P Weather

Service

A Weather App calls out to a Weather
Service in the cloud

A Weather Service gets request and XVeallj[hetr_
responds with a block a data that pplication
represents current weather info

|
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A Weather App decodes and displays ,"\

the information
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An Example of Service Oriented Architectures

More Details:
Let 6s Tal k About t h

Weather Application

Mobile Weather Reports Weather
Calling out to a Service
A Weather App calls out to a Weather | function that is not part
Service in the cloud of the Weather App
A 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
A 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

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

A We can generate C++ code for SOA based components

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

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



MathWorks AUTOMOTIVE CONFERENCE 2024

Challenge Statement and Project Benefits

Challenge:

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

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

We will show:

A 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://www.mathworks.com/company/technical-articles/migrating-traditional-automotive-applications-to-soa-for-software-defined-vehicles.html?s_tid=srchtitle_site_search_2_migrating%20traditional%20automotive%20application
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 ??

Automakers are increasingly building software in-house with SOA based design

SOA based standards

By creating Service Components:

Software Defined Vehicle

A Reusable Services that may be AUTSSAR
shared with many applications or _ CA”t°”°'.m.y "
ts 1§ o f T onnzftlwty —
componen A= R /-
#ROS  DDS

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

Model-Based Design

Traditional Vehicle

A Higher level of testability

Controls

e
%ﬁ_!l Real-time

HE—————l= Nl CAN
A 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
mo d e | apart

and building in service
components with service
Il nterfacesé

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

Vehicle Control Unit (HPC) T 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+0 Mo d e
MaxBattCurrent

Infotainment Vehicle Control Battery Management
System (IVI) Unit (HPC) (Embedded Edge)
QM 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)

21
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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
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< 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

23



Create Simulink Behavior Model for Main Application Component

f"i EVPwrCntrllr2EM_r3_Sys * - Simulink

SIMULATION MODELING

FORMAT
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.
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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 @)
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| i par @)
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- f() SteerCmd @ .
2 s Triggered Subsystem w/
function Function Caller inside
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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
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]
3 Vehspd o5
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AcclPdIToTrgFcn Caller L
B InpUt Al"gS q \Ready - 87% e ) FixedStepAuto
T imulink Function Nam
. AccelPdITrgReq_Srv Ll LIE T2l N ENTE
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Create Simulink Behavior Model for Main Appllcatlon Component

*i EnergyMgmt_, AppCmp v0a - Simulink

Orlglnal Model = eeeeeme s

¥ EoPwCaI2EM 13, mdl - Simalnk

SIMULATION

DEBUG MODELING FORMAT

EnerayMamt AppCmp v0a

Created skeleton model
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Ready 87% FixedStepAuto
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Create Simulink Behavior Model for Main Application Component

-
P4 EvPwrCntrlIr2EM r3_mdl - Simulink - o X
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28



MathWorks AUTOMOTIVE CONFERENCE 2024

Create Simulink Behavior Model for Main Application Component
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P34 EvPwrCntrlIr2EM _r3_mdl - Simulink
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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 |
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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 —
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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 » - §
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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
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|5] Code Generation Report

Find:
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. 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

MathWorks AUTOMOTIVE CONFERENCE 2024

38

Help

35




| MathWorks AUTOMOTIVE CONFERENCE 2024

AP: Generate C++ Code for Adaptive AUTOSAR Platform

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
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