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What to Consider for Model-Based Design

- Component-based design

= Integration in a composition level

« Component scheduling

= Code generation on SW frameworks

= Generated code customization
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For Software Modeling Patterns
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Inadequate Software Modeling & Code Generation
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APP_HWIO Value

TPS1_HwIO_ Value

TPS2 fHwWIO Value

1) Modeling in one Simulink file

ThrCmd HwIO_Value

2) Generated code in one function and one file

3) Hard to analyze interfaces among units

TPS2 ADC
TPS Sensor In

TPS1 ADC1

/ Throttle Control
<« €

4) Unit execution orders are predefined

¥ Code Gen

Convert TPS to ADC Range

Contents —=

Subsystem Report
Code Interface Report
Traceability Report

ThrottlePositionSensor_Secondary

D1

TPS1_HwIO_Value

| TPS_HWIO_Value_read  TPS_Percent Value_write

ThrottlePositionSensor_Primary

D1
Cor—

APP_HWIO_Value

|APP_HwIO_Value_read

APP_Percent Value_wite | —

TPS_Seconday_Value_read

TPS_Percent Value_write

v

ThrottlePositionMonitor

TPS_Primary_Value_read
D1

jorps Percent Value_read

»_Percent Value_read

Static Code Metrics Report
Eliminated Blocks
Cade Replacements Report

D1
ThrCmd_Percent_Value_wiite F——

D1
Thromd_HwIO_Value_write
ThrCmd_HwIO_|

ThiCmd_Percent_Value_read

Not adequate for

AccelerationPedalPositionSenor

MATLAB EXPO 2018

Controller

ThrottlePositionActuator

larger-scale software !!




Let’s Start from Software Architecture

= If there are many models from other developers or teams...

MATLAB EXPO 20
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Integration in a Composition Level

= Modeling based on component and integration as a composition using
Model Reference
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What the Model Reference...?

- Model Reference enables to design models based on SW component

MAT
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Creating Separate Test Harness Model

#3 ThrottieControl
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Convert Pedal to ADC Range
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Issues for Large-scaled Embedded Software Development

Work Phase

SIES

Modeling

Code
Generation

1. Complexity

v/

2. Integration
(Reusability + Scalability)

3. Scheduling

v

4. Multi-instantiation
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SW Scheduling for Larger-scale Software

= Requirement to analyze the results according to scheduling

S OS/ scheduler
e Multicore execution
Multi tasking
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Typical Workflow for Software Integration and Scheduling

MATL

Collecting models for code generation with considering scheduling
3 c1_testing - Simulink — O x L
File Edit View Display Diagram Simulation Analysis Code Tools Help
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to base code?
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Collect Entry Point Functions for Each Component

MATL
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#include "c1.h"

DW rtDW;
ExtU rtU;
EXtY rtyY;
void cl_step@(void)
{
rtY.cl_1ems_out = 2.0 * rtU.cl_18m

void cl_stepl(void)
{
real_T rtb_RateTransition;
rtDW.RateTransition_semaphoreTaken
rtb_RateTransition =
rtDW.RateTransition_Buffer[rtDW.
rtY.cl_2ems_out = rtb_RateTransiti

}

void cl_async(void)
{
rtDW.RateTransition_Buffer[rtDW.Ra
rtU.cl_async_in;
rtDW.RateTransition_ActiveBufIdx =

void cl_initialize(void)
{
}

void cl_terminate(void)
{
}

File: ¢2.c

1
2
3
4
5
6
7
8
9

|
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32
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#include "c2.h"

DW rtDW;

ExtU rtu;

ExtY rty;

void c2_step@(void)
{

rtY.c2_1@ms_out = rtU.c2_1@ms_in +

void c2_stepl(void)
{
real T rtb_Inl;
rtb_Inl = rtU.cl_20ms_in;
rtDW.RateTransition_Buffer[rtDW.Rat
rtDW.RateTransition_ActiveBufIdx =
8);

void c2_async(void)
{
rtDW.RateTransition =
rtDW.RateTransition_Buffer[rtDW.R
rtY.c2_async_out = rtDW.UnitDelay_D
rtDW.UnitDelay_DSTATE = rtDW.RateTrn

void c2_initialize(void)
{
}

void c2_terminate(void)

{
}

cl stepO()
cl stepl()

cl async()

4\ MathWorks

cl

And, how do | create
scheduling orders?

c2 stepO()
cZ2 stepl ()

cZ2_async()

c2
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Application Integrated to Base Software

= Integrate entry point functions from components with run-time environment

oS/
Scheduler

Event Handler 1

Event Handler 2

cl stepO()
cl stepl()

cl async()

4\ MathWorks

Periodic Task 10ms

cl

Periodic Task 20ms

c2 stepO()
cZ2 stepl()

cZ2_async()

MATLAB EXPO 2018

c2

But, | want to know
scheduling effects
before integration!
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Software Testing with Scheduling Effects

Scheduler

-
Controller Run_Sms()
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1
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p— - . . APP_HwlO_Value_read  APP_Percent Value_write|—————————»(3 )
Actuator_Run_5ms(); Actuator_Run_5ms(); AP LS vetao e e
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j AccelerationPedalPositionSenor

-

o

- Scheduler makes periodic events (ex. 5ms/10ms)

MATLAB EXPO 2018
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Redesigned Model with Scheduler and Export Functions
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Demo: SW Modeling with Export Functions

Export Function

4\ MathWorks

"i ThrottiePositionControlSystemExp * - Simulink e X
File Edit View Display Diagram Simulation Analysis Code Tools Help
* ¥ }='u = .y Sl i v | o 2yl u v |15 Normal ¥ ¥| 57
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Throttle Control Model
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TPS_Primary_Sms() P|TPS_Primary Run 5Sms D—ll—h TPS Secondary Value
TPS_Secondary Value
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D1
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TPS Primary Value
Scheduler ) - =
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D2 2 |
Norm Pedal Position F— Pedal In Pedal ADC _—
g TPS1_HwIO Value
6. 4 5 N D1
Simulated Pedal Input Convert Pedal to ADC Range APP_Percent Value
TPS2_HwIO Value
N ng
TPS2 ADC
Throttle Pos
S TPS Sensor In — e 112048 double
@ TPS1 ADCI Cont iM | D1 D1
Cont R
Convert TPS to ADC Range N
¢
Throttle Body
»

Read! View 1 warnin
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Testing Scheduling Effects from Different Patterned Models

- What if there are any other models with different modeling patterns ?

Export-function models

TPS_Secondary_Run_Sms

L3
tunctionl)

TPS_HiO_Valie_read  TP5_Percend Value_write

TPS2_HwIO_Value TPS_Secondary_Value_write

ThrattlePasitionSensor_Secandary

TPS_Primary_Run_5ms.

T
Tunctioni)

—
(2

{TPS_HWIO_Vakie_read  TPS Porcant Vaiun write »
TPS_Primary_Value_wrile

&
TPS1_HWIO Value

ThrottiePositionSensor_Primary

To integrate,

APPSner_Run_10ms

changeto

APP_HwIO_Value

UTTCLIOT]

F-1
APPSnsr_Run_10ms

APPSnsr Run 10ms

4rz) 1

RPP_HWIO Value

@fl,_l

TES Primary

» APP_HwIO_Value

Fo1 APP Percent Va

» TPS2_HwWIO_Value

TPS_Seconday_Value_read

TPS_Secondary_Value_read TPS_Percent_Value_write

TPS_Primary_Value_read

TPS_Primary_Value_read

Throttle Position Monitor

APP_Percent_Value_Read

4 Throttle Control MOdNO, |mpossib|e_ ..

Copyright 2017 The MathWorks, Inc.

TPS_Percent Value_read

ThrEmd_Percent_Value_write
APP_Percent_Value_read

Throttle Controller

ThrCmd_Percent Value_read ThrCmd_HwIO_Value_write

ThrCmd_HwlO_Value_write

ThrottlePositionActuator

Wow, How do | resolve

this struggles?
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Creating Schedulable Component from Model Reference

3 EtcController - Simulink

ing in periodic sampling rate

EtcController
Etccantroller » A
«Q D1
®—P TPS_Seconday_Value_read
D1
& TPS—S‘*‘X’"“HW—VE[’)‘:‘E—’E“ TPS_Percent_Value_write TPS_Percent_Value_read
2) > D1 D1
= ) jJiasaRilpanAyalieiread ThrCmd_Percent_Value_write »| ThrCmd_Percent_Value_read ThrCmd_HwlO_Value_write
| TPS_Primary_Vahie_read Throttle Position Monitor ARG T ThrGmd_Hwi0_Value_write
(&= o1 Throttle Controlier ThrottlePositionActuator
. o
APP_Percent_Value
= / Percont_Vaus,
Ready E] Block Param eters: Model 1 X S o
Model Reference
Reference the specified model.
EtcContrgller N Main  Arguments (mm——————
I Yo D110.005] :
Model name: -

TPS_Secondary Value read

TPS_Primary_Value_réad

APP_Percent Value Read

EtcController.slx

| | Browse...

| |Open Model|

Event port for scheduling

Simulation mode: Normal

N TPS_Secondary Value read

M |

Model events simulation:

_ [[1 Show model initialize port
ThrCmd HwIQ Valte write Show model terminate

Show model periodic event ports

<< Enable variants

- This port is

o . )

JTEeS Prlmary Valye re . ThrCmd HwIQ Value write
but only for simulation

Q

Help

| Apply

J2PP_Percent Value Read

Properties...
Help

N

"4
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Demo: SW Modeling with Schedulable Components

Schedulable Component

’i ThrottiePositionControlSystem SchedComp_old * - Simulink - ] X
File Edit View Display Diagram Simulation Analysis Code Tools Help
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Copyright 2017 The MathWorks, Inc.
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F1} D1
w e TPS_Secondary_Value_write TPS_Secondary_Value_read
Dl F1 1
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;: D1 e
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K8 Y. So = L Dl D1 0:24) p1
o = .} TPS_Primary_Value_read ThrCmd_HwIO_Value_write double
cheduler T
r_cO -19].,,‘ D2 F2
> E »{APP_HwIO_Value
m_m lcmd = b S
L )2 : == g [ e
Norm Pedal Position ${ Pedal In Pedal ADC gl = D1 fdbk ;PF’S‘I ;V;TON /al !
3 » : I ’ -~ e, o] o1
Simulated Pedal Input Convert Pedal to ADC Range cemen e neAPR_Percent_Value_write APP_Percent_Value_Read
020} D1 F1
> TPS2_HwIO_Value
N\ 4 N — 4
Throttle Sensors Throttle Control
TPS2 ADC
0:26
Cont TPS Sensor In Throttie Hos ke 112048
RRE TPS1ADC1 Cont £iM l Dl
on
(@ Convert TPS to ADC Range ¥
Throttle Body
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Issues for Large-scaled Embedded Software Development
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—
Work Phase : Code ™
Modeling : IR = o T S R
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Modeling for Access to Hardware Resources

M 00dVv

%

A

%

1OAavVv

pplication

INM\d

MATLAB EXPO 2018

= Some application SW does not process
external signals directly. Or...

4\ MathWorks
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Modeling for Access to Hardware Resources

= Some application SW does not process

:‘5 | >Basic software external signals directly. Or...
0O ]
o N\ _ :

_ _ , > v = External signals are processed in BSW

Application [ § or HAL and accessed by applications

JU> = Application software use APIs to
& > request or send data

caller W

Basic software APP_Percent_Value() y |
Function Caller L

T

y = APP_Percent Value()

FO global

PedalPos
PedalPos
Simulink Function

caller
PID(z) [ u ThrCmd_HwIO Write()

Function Caller

error
APP_Percent Value

ao— T f

Only for simulation TPS_Percent_Value_read Discrete PID Cotroller ThrCmd_HwIO_Write




Access to Shared Resources with Simulink Functions

P ThrotePositionControlSystem * - Simulink - X
File Edit View Display Diagram Simulation Analysis Code Tools Help
=) sl ] » bid
E-o-Be@ ¢ B@-E-Rd4OP o N[5 ] oma SRIORT- R
Scheduler Throttle Body *  ThrottlePositionControlSystem 0 Simulated Pedal Input Motor
[%a] Throttlepositioncontrolsystem b -

~

Monitor_Run_5ms()

Throttle Control Model

Copyright 2017 The MathWorks, Inc.

I%Run_ﬁms()
_SmS()

TPS_Secondary_5ms()

J

Scheduler

D1
D1
D1
,,,,,,,,,, . ThrottlePosition_Sensors
-----pTPS_Primary_Run_5ms - bl
TPS2_Percent_Value >
D1
R » TPS_Secondary_Run_5ms
D1
TPS1_Percent_Value
ThrottlePosition
Throttle Sensors
.
- y = APP_Percent_value()
Norm Pedal Position o ™ weesarses e
@ PedalFPas
Simulated Pedal Input
Throttle Pos L

ThrottlePositionControlComposition
Monitor Run_5ms

Controller_Run_5ms

TPS2_Percent_Value

TPS1_Percent_Value

Throttle Control

ThrCmd_HwIO_Write (u)
global

ThrCmd_Value

D1

ThrCmd_Value

L

Throttle_Position ThrCmd_Value <

View 1 warning

4\ MathWorks
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Demo: SW Modeling with Simulink Functions
Simulink Function

MATLAB EX

Cont

ThrCmd_Value IL

P, ThrottlePositionControlSystem - Simulink == m
File Edit View Display Diagram Simulation Analysis Code Tools Help
- 2. IK: d ,_fﬁ'i;'W > | ] v 15 Normal v -
Scheduler ThrottleBody * Tt Pedal Input  *  Motor
@® |[%a] ThrottiepositionControisystem b
Th rOttIe ContrOI MOdeI 4 ThrottlePositionControlComposition \
. Voo T Copyright 2017 The MathWorks, Inc. ;== Monitor_Run_Sms
MONILOT_RUN_SMS() === = mrmim o oo o oo o o o ” " .
= D1
0O Contri l%un_Sms() Controller_Run_5ms
D1 7 AN
Fy_5Sms() p-mmmmmy . ThrottlePosition_Sensors
beeeemm--- B TPS_Primary_Run_5ms D1
o TPS2_Percent_Value TPS2_Percent_Value
TPS_Secondary_5ms() ===
~-» TPS_Secondary_Run_5ms
X >
Schedul Sl
e N TPS1_Percent_Value »{TPS1_Percent_Value
¥ ThrottlePosition
N\ 2 N\ Z
Throttle Sensors Throttle Control
&
58 - AccelPedalPosition_Sensor N ThrottleCommand_Actuator N -
Norm Pedal Position }—— PedalPos ThrCmd_Value }—
- N 4 K a
Simulated Pedal Input
Throttle Pos
Throttle_Position

4\ MathWorks
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Issues for Large-scaled Embedded Software Development

——
——
Work Phase : Code Y Bail
Modeling . R = VL DR S——
Issues Generation e
- -
1. Complexity -

]
il

2. Integration
(Reusability + Scalability)

!

k
I

CKK

3. Scheduling i

4. Multi-instantiation

T
i Ik
1
1
)

I |
I
I
|
Il
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Self-Study Resources for Embedded Code Generation

 Embedded Coder Quick Start Video

https://kr.mathworks.com/videos/coder-summit-2018-how-to-generate-
production-code-in-5-minutes--1522057622892.html?s tid=srchtitle

= Simulink2t Embedded CoderE 0| &gt 2| & I = 284 (MATLAB Expo 2017)
http://www.matlabexpo.com/kr/2017/proceedings/better-than-hand-generating-highly-
optimized-code-using-simulink-embedded-coder.pdf

= C code generation from Simulink model(webinar)
https://kr.mathworks.com/videos/software-design-and-c-code-generation-using-simulink-
116860.html?elqgsid=1524127259550&potential use=Commercial

= Other Embedded Coder Videos

https://kr.mathworks.com/products/embedded-coder/videos.html?s tid=srchtitle

MATLAB EXPO 2018
28


http://www.matlabexpo.com/kr/2017/proceedings/better-than-hand-generating-highly-optimized-code-using-simulink-embedded-coder.pdf
https://kr.mathworks.com/videos/software-design-and-c-code-generation-using-simulink-116860.html?elqsid=1524127259550&potential_use=Commercial
https://kr.mathworks.com/videos/coder-summit-2018-how-to-generate-production-code-in-5-minutes--1522057622892.html?s_tid=srchtitle
https://kr.mathworks.com/products/embedded-coder/videos.html?s_tid=srchtitle
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Multi-instantiation for Large-scaled Software

Component-Based Modeling with Model Reference ?
= |ssues (| - -
. . - slderno_mdlref_counter sldemo_mdlref_counter sldemo_mdiref_counter
— Limited resources for code size e
- ﬁﬁ —» input output ﬁﬁ input out ul ﬁﬁ output
— Maintenance problem N R R P
Generator lower Generator lower Generator
with Ts=0.1 \ with Ts=0.5 A with Ts=1.0
m ’—' CounterA F ColinterB CounterC
m SolutIOn MW/
— Calling the same functions

through multi-instantiation
when generating code

limit

Copyright 1990-2014 The MathWorks, Inc.

MATLAB EXPO 2018 Generating code for multi-instantiation -
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Configuration for Multi-instantiation
C

Code interface

Code interface packaging: |Reusable function | hd | Multi-instance code error diagnostic: | Error | - |

Pass root-level I/O as: | Structure reference |~

Remove error status field in real-time model data structure

Configure Model Functions

Before(non-reusable) After(reusable)
/* Model step function */ /* Model step function */
void sldemo_mdlref counter_r_step(void)

{

void sldemo_mdlref counter_r step(RT_MODEL_sldemo _mdlref counter_r T *const
sldemo_mdlref_counter_r_M, ExtU_sldemo_mdlref_counter_r_ T

*sldemo_mdlref_counter_r U, ExtY _sldemo mdlref counter r T
*sldemo_mdlref_counter_r_Y)

C++

Code interface

Code interface packaging: |C++ class | » | Multi-instance code error diagnostic: |Error B3 Creating instances

Remove error status field in real-time model data structure

// model instance variable for '<Root>/CounterA’
sldemo_mdlref_counter_rModelClass CounterAMDLOBI1;

Data Member Visibility/Access Control

Parameter visibility: |private | - | Parameter access: |[None | - |

External I/O access: |None |~ // model instance variable for '<Root>/CounterB8’
sldemo_mdlref_counter_rModelClass CounterBMDLOBI2;

Configure C++ Class Interface

// model instance variable for '<Root:>/CountercC’

MQTLQB EXPO 2018 sldemo _mdlref counter_rModelClass CounterCMDLOBI3;
30
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Issues for Large-scaled Embedded Software Development

-
Work Phase : Code K ™
Modeling . R = VL DR S——
Issues Generation e
: -y
1. Complexity V -
L | - e
2. Integration V V e
(Reusability + Scalability) | L — G
3. Scheduling V el
4. Multi-instantiation V '_;._.-'-_:fi,_,,_, P .|
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Emergence of the Software Framework

SensorProcessing

APP HwIO Value |

TPS1 HWIO Valme

P52 HW10 Valie |

_TpsSecondary —

= TpsPrimary

“BccPosition

MATLAB EXPO 2018

Conform to a (standard) framework (ex. AUTOSAR)

4\ MathWorks
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Issue 1: Mapping Generated Code to Software Frameworks

= There are many frameworks (ex. AUTOSAR, ARINC, etc) including bare-
metal software

= Solution : Configuration management of code mapping information apart
from S/W frameworks

— Just using code mapping information according to requirements

Models | ‘ Maximizing model reusability for
- S/W maintenance, cost reduction

Requirement of PrV //qwrement of Project B

Code generation Code generation
for bare-metal for AUTOSAR
Software ARINC, POSIX, etc

MATLAB EXPO 2018
33



Issue 2: Code Packaging for Efficient Code Management

« There are needs to manage efficient tuning parameters in large-scaled S/W
— To change only tuning parameters according to requirements

— Efficient code maintenance

= Solution
— Configuring storage class for code generation
— Easy customization using GUI

MATLAB EXPO 2018

Code for
algorithm

({

Controller.h

(1@

Controller.c

Code for
parameters

{0

Parameter.h

1l

Parameter.c

4\ MathWorks
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File Edit View Deply Disgram Simulation Analyss Code Tools Help

#-o-8 il

Embeckien Coder Guick Help 5x

Configure MultiInstantiable
Code

Multinstantiable code

Cenfigure Data and Function
Data fopresontation and access.
Eniry-point functions
Configure Internal Data and
Data reprasentation and sccess.
Subsystem functions
Canfigure Model-Wide Code
Generation

Cotte generation configuration

- F-BYoOP = [FH-w
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& |[Fa] xcCompomion ¥ -
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ockDiagram

Popetes Info

Last svud by sasneys
Last e o T Py 20 13,57:16 2018

+ Description
b History

Select ol semert £ st o view R paramet o
propestes

fivedstepDiscrete

/Embedded Coder Dictionary
» GUI for custom code definitions

- Function template

- Storage class
MQTLK - Memory section

Code Perspective & Embedded Coder Dictionary

- Effective code generation customization as to SW frameworks

4\ MathWorks

R2018a

Code Perspective

« Easy configuration for generated code into

any C/C++ SW framework

4\ Embedded Coder Dictionary: Controller

DICTIONARY

ap

Add  Duplicate

EDIT

M &

Manage
Package

Remove

MANAGE

\c)

View

MODEL

Nodel

Storage Classes

Search
Name
ExportedGlobal

ImportedExtern
ImportedExtemnPointer
BitField

Const

nstvolatile
Define
ImportedDefine
ExportToFile
ImportFromFile
FileScope
AutoScope
Struct

Getset
CompilerFlag

Reusable

Function Customization Templates

Storage Type
Unstructured
Unstructured
Unstructured
Flatstructure
Unstructured
Unstructured
Unstructured
Unstructured
Unstructured
Unstructured
Unstructured
Unstructured
Unstructured
Flatstructure
AccessFunction
Unstructured

Unstructured

Data Sc.
Exported
Imported
Imported
Exported
Exported
Exported
Exported
Exported
Imported
Exported
Imported
File

Auto
Exported
Imported

imported

<Instance sp.

Header File

<Instance specific>
<Instance specific>
<Instance specific>
<Instance specific>
<Instance specific>
<Instance specific>
<Instance specific>

<Instance specific>

<Instance specific>

Memory Sections

Definition File

<Instance specific>
<Instance specific>
<Instance specific>

<Instance specific>

<Instance specific>

Data Ini

Macro

Dynamic

Memory S

None

None

None

None
MemConst
MemVolatile
MemConstvolatile
None

None

None

None

None

None

None

None

None

None

Source
Built-in
Built-in
Built-in

Simulink package
Simulink package
Simulink package
Simulink package
Simulink package
Simulink package
Simulink package
Simulink package
Simulink package
Simulink package
Simulink package
Simulink package
Simulink package

Simulink package

PROPERTY INSPECTOR




Embedded Coder Dictionary

4\ MathWorks

R2018a

PROPERTY INSPECTOR

4\ Embedded Coder Dictionary: EtcComposition

R e Stor age C lasses

of g & 8 Control the code generated for model data

Add  Dupicale Remove = Manage | view (I/O, signals, data stores, states, parameters)

EDIT MANAGE ‘ MODEL ||BR

Storage Classes Function Customization Templates Memory Sections v
Search
Name Storage T Data Sc. .. Header File Definition File Data Ini.. Memory S Source
ExportedGlobal Unstructured Exported Auto None Built-in
ImportedExtern Unstructured Imported Stora ge allocation.and scope Built-in
ImportedExternPointer  Unstructured Imported (ex global exterﬁm%tatlcyomglsteFmeOInte“ .“)
BitField FlatStructure Exported Auto None Simulink package
Const Unstructured Exported <In§tance specific= <Instance specific> Auto MemConst Simulink package
Volatile Unstructured Exported <Indance specific> <Instance specific> Auto MemVolatile Simulink package
ConstVolatile Unstructured Exported <In cﬁ:iatﬁr—e |d;n5GQ|§!;SEa ntALB re'p r@ﬂ@rﬁtﬁﬁr; Simwilink package
Define Unstructured Exported <Inftance specific — Macro None Simulink package
ImportedDefine Unstructured Imported <Iptance specific> — Macro None Simulink package
Seorerte e oo o E‘di&orf t6 orimport from’éxternal fil&s;™..
ImportFromFile Unstructured Imported <Inftance specific Auto None Simulink package
FileScope Unstructured File — Auto None Simulink package
AutoScope Unstructured Auto — Auto None Simulink package
Struct FlatStructure Exported - - Auto one Simulink package
GetSet AccessFunction  Imported <In anoegpgtgﬁ:; St—ru cture tyRﬁo’ G et}N§§ t AP I Sjmﬁﬂﬁk package
CompilerFlag Unstructured Imported — Macro None Simulink package
Reusable Unstructured <Instance sp... tance specific= <Instance specific= Dynamic None Simulink package

(| X

S c @

bl
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Embedded Coder Dictionary R2018a

4\ Embedded Coder Dictionary: EtcCom position = O X
DICTIONARY
o & | e

Add  Duplicate Remove Manage View
Package x Model

EDIT } MANAGE | MODEL | =
Storage Classes Function Customization Templates Memory Sections O | PROPERTY INSPECTOR
Search =
Name Comment Pre Statement Post Statement Statements Surro Source

M

w e Function customization templates
‘" = Control naming of model entry-point functions (ex. model_step)
- Apply memory sections to the entry-point functions

* Memory section
- Control the placement of data and functions in memory (ex. #pragma)

T
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Code Perspective

1) Embedded Coder Quick Help B o goe T i i ot B
Embedded Quick Start

= 'E' 1] - = =
..l.:% ...... ...............B.. = | C/C++ Code * &5 Embedded Coder Quick Start

® | Embedded Coder Quick Help & X g EtcComposition
. P HDL Code

g #3, Code Generation Advisor

» Hyperlink to configuration | e I o ’

and documents
» Help video clips

Embedded Coder

335 Run Embedded Coder
Lg Quick Start

Data Objects

Code Generation Options...
Configure Model in Code Perspective I}Ctrl+5hift+c
Embedded Coder Dictionary

o
 Last saved by: seanryu

o

w Lastsaved on: Tue Feb 20 15:57:16 2018

-
= ) Description

R TRE

Configure Multi-Instantiable o
Code Copyright 2017 The MathWorks, i 2 » History
Multi-instantiable code
: EtcSensorProcessir ing EtcControler 1
2 P ro e rt I n S e Ct O r . Configure Data and Function M wsjnun,sm RS 1PS_Secondary A.,m% e E Psf‘l):c;:ezwe' el
p y p : Interfaces : (@——»]Ps_secondary_Run_sms GO actuator_Run_sms =
- . . Data representation and access E RS, Seconciary: Rur. S, Controller_Run_Sms :
° C f d I p p t » gm—b [ APPShsr_Run_10ms C ,\}T\s > Monitor_Run_5ms
O n I g u re m O e rO e r I e S g Entry-point functions E ARRSnsC R 1D e TPS_Primary.) Mover P& O ThiCmd_HwiO_Value| mﬁwm E
- - APP_HwIO_Value L}
. E Configure Internal Data and & rpsu [l e — £ —
3 - 1 M 0 d e I D ata E d I to r L Functions 5 G |s2 Hwiovae frpeemee™  [Enterperspective] Enter perspective EtcComposition
. Data representation and access = TPS2_HWIO_Value
- - o ! —
 Inspect and edit data items Pl swmmemoon 28 €] ‘ Cet|
. H b
° CO nfl g ure Sto rag ec I ass of T T » Code  Ytnter code perspective Tnterface
Generation [Bcode Mappings - C
. "
eaC h b I OC ks 0 r S I g n aIS : Code generation configuration : Data Defaults Fondiion Defauis
FEER R R R R R R R R R R R RN RN RN =ﬂ
L
b M lement Category torage .
. . 2> Inports Default d
- o outports Default F
3-2) Code Mapping Editor == :
. . ;D Local parameters Default -
« Configuring model data elements i i = :
- . :ﬂ Global data stores Default :
and entry-point functions for code == e :
. . Constants Default o
generation Comprehens|ve|y SRR <aa iyt T T T T T e T T T T T T T TV T T VTR U T VST T IR P
82% FixedStepDiscrete’

Ready
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Example on Issue 1. Code mapping implementation

= Code mapping to embedded S/W frameworks
— Entry-point functions and interfaces can be customized according to SW architecture
Code mapping to AUTOSAR

ﬂ EtcComposiion * - Simulink
File Edit View Display Diagram Simulation Analysis Code Tools Help

E-=-8 R M=K YCN S

Code mapping to C

N ] e 1@

EtcComposition

Property Inspector

[7

® |[Pa] Exccomposition ¥

Q
[
=
(T ]
(&=
-
TPS_Primary_Run_Sms
TPS_Secondary_Run_5ms

APPSnsr_Run_1oms

APP_HWIO_Value

TPS1_HwIO_Value

TPS2_HwlO_Value

v BB

Throttle Control Model

Copyright 2017 The MathWorks, Inc.

EtcSensorProcessing
TPS_Primary_Run_5ms
TPS_Secondary_Val

Controller_Run_5ms

TPS_Secondary_Run_5ms

APPSnsr_Run_10ms

Actuator_Run_5ms
Actuator_Run_Sms
Controller_Run_sms
Monitor_Run_Sms.
Monitor_Run_Sms

TPS_Primary_
APP_HWIO_Value

TPS1_HwIO_Value

APP_Percent_Value
TPS2_HwIO_Value

TPS_Secondary_Value

TPS_Primary_Value

_\—> APP_Percent_Value

EteControlier

ThrCmd_HwlO_Valug

ThrCmd_HWIO_Value

Code Mappings - C

Entry-Point Functions

Data Transfers  Function Callers  Lookup Tables

u ROz Outports
= :

E @

ontents

C»| APP_HWIO_Value
C»| TPS1_HWIO_Value

| TPS2_HWIO_Value

Da
ImplicitReceive
ImplicitReceive

ImplicitReceive

Port
APP_HWIO_Value
TPS1_HWIO_Value

TPS2_HWIO_Value

Element
APP_HWIO_Value
TPS1_HWIO_Value

TPS2_HWIO_Value

Model Data Editor
Ready

Code Mappings - AUTOSAR

103%

BlockDiagram

Properties  Info

Last saved by: seanryu
Last saved on: Tue Feb 20 15:57:16 2018

» Description

» History

‘Select a model element to set or view its parameters or
properties.

AUTOSAR Dictionary

5 ALTOSAR Drctomary: EreCompasiton

v 5 o

FixedStepDiscrete
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Example on Issue 2: Partition and Modularize Generated Code

= Tuning parameter modularization example with customizing storage class

MATLAB EXPO 2018

erec

® |[*a| EtcComposition 4 hd

@ Throttle Control Model

@ Copyright 2017 The MathWorks, Inc.

=

E] llllllllllll

= TPS | Control

TPS_Primary_Run_5ms ~ [~ TPS_Secondary_ Actuator_Run_5ms
2 TPS (@D s [
TPS_Secondary_Run_ Controller_Run_5ms
3 APPSnsr_Run 1| rApr ( : }——{ Monis
APPSnst Runfoms — | 1pg primany. nitor_Run_Sms rC Value » )
APP_HWIO Vake | | L———————— »ltPs secondary Value ThrCmd_HwlO_Value
APP_HwIO_Value

@ wsu TPS1 [ Y Value

LH| [a S 1 . Percent_value

= TPS2_HwlO_Value s ) I/ / \\

Algorithm code Tuning
param eters
~ ~
— —
— —
Controller.h Parameter.h
~ ~
— —
—— —
Controller.c Parameter.c

customization:
Struct + ExportToFile

7

Typedef struct
{

int D_Gain;

int |_Gain;

int P_Gain;
}rt_SI _Struct_type;

4\ MathWorks
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Partition and Modularize Generated Code

u]

Throttle Control Model

Copyright 2017 The MathWorks, Inc.

>i[tn(nulll:ump Simulink
File Edit View Display Diagram Simulation Analysis Code Tools Help
- v B e v = v L (e ] v |15 Normal
EtcCntrirComp
® |[%alercentrircomp b
a
=
=}
=
O
4 SensorProcessing N
TPS2_HwIO Value TpsSecondary
TPS2 HwIO Value -
TPS1_HwIO Vatue TpsPrimary
TPS1_HwIO Value -
(3)——»|apPp HwIO Value " BccPosition
APP_HwIO_Value N\ L
SnsrProc
7}

MATLAB EX.

Rea

ThrCmd_HwIO_Value

4 Controller B

TpsSecondary

TpsPrimary s ThrCmd_HwIO Value

AccPosition

NS 4
Cntlr

4\ MathWorks

41



4\ MathWorks

Issues for Large-scaled Embedded Software Development
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Key Takeaway

= SW modeling pattern importance for effective code generation
— Component-based modeling
— Integration in a composition level using Model Reference
— Export functions/ scheduling components modeling patterns

— Simulink Function models for access to hardware resources

- Code generation customization framework

— Code Perspective

— Embedded Coder Dictionary

MATLAB EXPO 2018

&\ MathWorks:
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