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Challenges

= Coding Difficuty
— Handwritten C++ language puts
forward high requirements not only
on the programmer's ability but also
on the accompanying tool chain
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= System Complexity

— Many software architecture
design and management tools
on the market are not compatible
with non-standard In-vehile OS
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Solution Outline

= How to Model the Software Behavior

— SOA Behavior Modeling
— SIMULINK New Features
— Wrapper Code Generator

« How to Maintain Complex Software Clusters

— Software Architecture Engineering
— System Composer(Deeply Customized)
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Comparison Between Different Modeling Environments
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Typical MBD Process on AUTOSAR Workflow
@ _________

void Runnable(void) Runnable

SWC SWC . v

21 /* RootInportFunctionCallGenerator generated fr .
22 *  SubSystem: '<Root>»/Function-Call Subsystem' 1 fl'i::ftlon() 1 @
23 *
Simulink Simulink _: /* Outport: '<Root>/Outl’ incorporates: = b -
25 * Gain: '<S1»/Gain’
Generated Generated 2 * Inport: *<Root>/Ini’ 25 > —>2
Code Code 27 7

28 Rte IWrite Runnable Outl Outl(2.8 * Rte IRead Runnable Inl Inl{));

SU /* Outport: '<Root>/Out?' incorporates:
1 * Gain: "<51>/Gainl’
* Inport: '<Root>/In2’

W M

3 */
RTE Interface 31: Rte_IWrite_Runnable Out2 Out2(2.8 * Rte_IRead_Runnable_In2_In2());
AUTOSAR CP 36 /* End of Outputs for RootInportFunctionCallGenerator generated from: '<Root>/Ru

9 =
AUTOSAR

SWC.slx Component
Copyright (c) 2023, ZEEKR Inc. All rights reserved. 6
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How to Model on In-vehicle OS
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How to Model on In-vehicle OS

TLAB 4\ e o InterfaceClass Application
SSIMULINK S ( p——
o P // Filled with OS API S
= 7_ - ey ——ppen
L O S, } Wrapper
ol S p— e o an eu Smemrese m
New Features New Modeling Principle Wrapper Code Generator Deployment
— Support SOA Behavior — Specific rules based on — Link Simulink side and OS — Deployed just like
practice side normal application



How to Model on In-vehicle OS
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Example in Real Case
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Example in Real Case

Generator

CPP
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Coder

» Merge >

CPP
~ MAIN-PROCESS
— > config\ climatecontrolservice_server
> files\ calibration
v sIC
~ core

Simulink
Generated Code

> Clima_ert_rtw

G+ model_facade.cpp
C model_facade.h

Wrapper Code

G+ service_facade.cpp

C service_facade.h

> impl
? service
G+ main.cpp
M CMakelLists.txt
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What does Software Architecture do
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Software Management Dilemma
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Model-Based Systems Engineering

SAFETY REQUIREMENTS FUNMCTIOMAL REQUIREMENTS «sssssssssass | ] M BS E
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SYSTEM DEVELOPMENT PROCESSES

l — Engineers use model-based systems
ENVIORNMENT MODELS T ALGONTHMS B PHYSICAL CONPONENTS engineering (MBSE) to manage system
5 complexity, improve communication, and
produce optimized systems.

— MATLAB®, Simulink®, and System

(HASARARE SBskon DFS EreiE Faocess | | Composer™ together create a single

—— environment for creating descriptive
. architecture models that seamlessly bridge
\ MTEGRATION / Into detalled Implementatlon mOdeIS
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https://www.mathworks.com/solutions/model-based-systems-engineering.html

Build Our Own Software Architecture Tool

System Composer

— Model-based systems engineering
System — Architectural design elements

Composer — Powerful visualization

— Support for customization

MATLAB

— Powerful programming language

— Support object oriented programming
— Rich product API

MATLAB

APP Designer
— Customized desktop applications
— Simple and easy to use

SOMOC APP
— SOA Model Composer Designer

— Made specifically for MBD
on In-vehicle OS

MATLAB BEXIPPO
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Different Software Architecture Level on SOMOC

Architecture Level
— Whole view of specific system

Process Level

— Minimum interagtion unit

— Consists of multiple SW-Cs

— Independent applications

— Communication via middleware

SW-C Level
— Minimum development unit
— Consists of multiple services

— Contains software logic and
implementation

Service Level
— Service interface description

— Imported from upstream service
design
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Software Architecture Model

Reflected by System
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(Enhanced by Profile)
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Enhance System Composer Model by Profile

| & O
" || Profile Apply Software
Editor = | Stereotypes Compone..
— [, Profile Editor —
— Z Open profile editor E—

Profile

— Give custom property to

different architecture elements

— Enhance system composer to
fit specific system requirement

Stereotype Properties

Sterectype Properties

Hame: |Servicelnstance

Applies te: | Compoment v | fhleon | KN
Baze stersotype: <nothing? i

L] Abstract stersctype

b Default Stersctypes for Composition

ObcActualPhaseMumGetteri-

ObcActualPowerDeSidaGetter |

ObcAviOutputPowerDeSideGetiarlh

ObeLineVoltageAcSideGetterly

ObcActualPhaseNumGetter_C é

ngnMualPhasaNumGaltar

ObcActualPowerDcSideGetter_C é

Dﬁhmc.lual PowerDcSide Gattar

_DbcAvIDutplﬂPomrDcSidnGlﬂor_C é

bgbmﬂoutpuﬂ:'awarDl:S\deGattar

ObcLineVoltageAcSideGetter ¢ &

bgb::Li neVoliageAcSideGetter

R elle . ) L
Property name

1 SenvicelnstanceMName

2 SenvicelnstancelD

3 ServiceMame

4 ServicelD

5 MajorVersion

& MinorVersion

7 SerdceRole

8 Mamespace

9 _Descrintion

¥ Main
Name
Stereotype

v Servicelnstance

Servicelame
ServicelD
MajorVersion
MinorVersion
ServiceRole
Namespace
Description

Parameters

ServicelnstanceName

ServiceInstanceID
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Type
string + |nfa
uimt32 | nfa
string | nfa
uint32 “ | myfa
uint32 | n/fa
uint32 | nja
enumeration « BerdceRol
strimg | nfa
strimn = nfa

ObcStateSrv_1_Consumer
Add. .

Select
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1
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1

0

Consumer
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Link Different Level Elements by Reference Component

%] Service SWC Process

Service Interface 1
I outBusp (>

Component OutBusi 1> Component
< SWC >

OutBuslip b

QutBus > 4 OutBus )
< Service >

~ QutBus > — @OutBus OutBus > ——@OutBus

Service Interface 2 P
F s OutBus1 > OutBus1
OutBus 1B > OutBus1 > @OutBus1 outsus1B B> OutBus1 B>

OutBus > 4OutBus1

« Reference Component
— Link to an architectural definition
— Simulate the operation of integrating low level elements into high level

elements
— System Composer models carry whole information of an software architecture
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SOMOC Workflow
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SOMOC GUI

4 SOMOC
File Edit View Help

General Data swc

Mode! Tree

+ Architecture
e32bat six
» Process

* SoftwareCompaonent

| Refresn | Search |

Undeployedinteriace
* Servicelnstance

AcfhocinaSa: 4 Fancumar

Log

2023-04-02 16:57:45 | Done.
2023-04-02 16:57-45 | Done.
2023-04-02 16:57-5

SOMOC Version. 0.28

ZUZFUAUZ TOOT AT | CUAUNTY SV UDfECT
2023-04-02 16:57:45 | Refreshing SWC elements tree

AcCharging ;
Edit

ClimaCtri

Methodinvoke Close

ObcBackEnd Delete

ObcState Update Interface Definition

ObeVoltCur

Greate Shell Mode!

Refreshing available service list.

I

| Done.

| Creating SWC Shell Model! for AcCharging
| Daone.

& soMoC
File Edil View Help

General Data SWC

Element Tree Work Panel
Refresh | Search 1. Choose a SWC | ObcState ¥ | | Refresh || Load
= ObcState 2. Modify Elements | Service(lanual) v
- Servicelnstance [y —
ObeStateSrv_1_Provider
« IntemalMethod Senvice Available Refresh Add
ObeCtriA AcChargingSrv_1_Gonsumer N
= InternalTopic AcChargingSv_1_Provider
a ClimateControlService_1_Consumer
Qbesns ClimateControlService_1_Provider
ObeSnsrB CompartmentOutletFlowCentrelService_1_Censumer
CompartmentQutietFlowControlService_1_Provider
ObcStateSrv_1_Consumer
ObcStateSrv_1_Provider -
3. Confirm Design | Discard Apply View
Log
T T oo
2023-04-02 16:57-37 | Done
2023-04-02 165745 | Loading SWC object
2023-04-02 165745 | Refreshing SWC elements tree
2023-04-02 165745 | Done
2023-04-02 165745 | Done
2023-04-02 16'57:50 | Refreshing available service st
2023-04-02 16:57:50 | Done
SOMOC Version: 0.28 [ clear Export

Architecture Tree

— Tree view of different level
components

— Context menu for different kind of
tree nodes

Component Composer Interface

— Simplified operation of a

component

Add or remove elements in a

component

s remsanss gl (53]

i ,j_

Export Shell Model
— Automatically export shell model

MATLAB BEXP

according to component interface

definition

Transferred downstream for
Simulink model detail design
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Conclusion

= How to Model the Software Behavior

— SOA Behavior Modeling
— SIMULINK New Features
— Wrapper Code Generator

« How to Maintain Complex Software Clusters

— Software Architecture Engineering
— System Composer(Deeply Customized)
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